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(57) ABSTRACT

A bit pattern for a run-in area which allows data reproduction
to be performed stably even when the recording density of an
optical disc 1s increased 1s provided. An optical disc accord-
ing to the present invention includes tracks, each of which
divided into a plurality of recording blocks. Each of the plu-
rality of blocks includes a run-in area and a data area. In the
run-in area, a prescribed run-in bit pattern 1s recordable; and
in the data area, bit patterns having a plurality of bit lengths
obtained by modulating data as a recording target 1n accor-
dance with a prescribed modulation rule are recordable. In
this optical disc, at least one of spatial frequencies corre-
sponding to the bit patterns having the plurality of bit lengths
1s higher than a cutoil frequency. The run-in bit pattern
recordable 1n the run-1n area includes the bit patterns having,
the plurality of bit lengths, from which the bit pattern corre-
sponding to the frequency higher than the OTF cutoil fre-
quency has been excluded.

3 Claims, 21 Drawing Sheets
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OPTICAL DISC, OPTICAL DISC DRIVE,
OPTICAL DISC

RECORDING/REPRODUCING METHOD,
AND INTEGRATED CIRCUIT

This application 1s a continuation application of U.S. appli-
cation Ser. No. 12/881,338 filed Sep. 14, 2010 now U.S. Pat.
No. 7,898,933, which 1s a continuation of U.S. patent appli-
cation Ser. No. 12/273,674 filed on Nov. 19, 2008 now U.S.
Pat. No. 7,821,910, which claims priority to Japanese Appli-
cation Nos. 2007-300135 filed on Nov. 20, 2007, 2008-
175423 filed on Jul. 4, 2008, and 2008-290292 filed on Nov.
12,2008, and 1s hereby incorporated herein by reference n 1ts
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a recording format usable
for recording information on an information recording
medium, and a technology for recording or reproducing infor-
mation in accordance with the recording format.

2. Description of the Related Art

Recently, research and development of high density optical
discs has been actively conducted. Currently, for example,
Blu-ray Disc (BD) has been proposed and put into practice,
and 1s used for recording digital broadcast or the like. Optical
discs are now establishing their position as an important
information medium (see “Zukai Blu-ray Disc Dokuhon™
(Blu-ray Handbook with Diagrams) published by Ohmsha,
Ltd.). For further increasing the density, research and devel-
opment 15 being performed for providing a recording density
higher than that of the BD to expand the recording capacity.

FIG. 17 shows an example of a conventional recording
format. Recording data 1s recorded 1n units of blocks obtained
by performing error correction coding processing at every
prescribed data amount. A block includes a run-in area used
for synchronization detection during reproduction provided
at the start thereof, and a data area including the recording
data. The data area 1s divided 1nto a plurality of sectors, and
cach sector 1s further divided 1nto a plurality of frames. At the
start of each frame, a frame synchronization pattern including
a prescribed bit pattern and a synchronization ID pattern
unique to the respective frame i1s located. After the frame
synchronization pattern, a bit pattern obtained by modulating
the recording data in accordance with a prescribed modula-
tion rule 1s recorded.

For the BD practically used today, the 1-7 modulation code
1s adopted, and the shortest bit length 1s 2 T. The spatial
frequency of 2 T 1s close to the limit of the optical resolving
power and corresponds to 80% with respect to the cutolf
frequency of the optical transter function (OTF) of the BD.
Where the maximum amplitude detectable for various bit
lengths 1s 100%, the amplitude of the reproduction signal ot 2
T 1s as small as 10% thereof.

FIG. 18 shows the relationship between the optical resolv-
ing power of the BD and the shortest bit length 2 T. When the
shortest bit length 1s close to the OTF cutolf frequency, proxi-
mate recording marks or even proximate spaces are encom-
passed 1n the optical spot. Therefore, the amplitude of the
reproduction signal 1s reduced and also the waveform 1s dis-
torted by the inter-code mterference. Against such amplitude
reduction and waveform distortion, the data detection preci-
sion 1s conventionally improved by using a PRML (Partial
Response Maximum Likelithood) technology using an adap-
tive equalization technology and a maximum likelithood
decoding technology such as Viterb1 decoding.
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FIG. 19 shows a structure of a conventional optical disc
apparatus 1100. The optical disc apparatus 1100 includes an
optical head 1001, a motor 1002, a servo circuit 1003, an
address reproducing circuit 1004, a CPU 1005, a run-in gen-
eration circuit 1006, a data modulation circuit 1007, a record-
ing control circuit 1008, a data signal extraction circuit 1009,
a reproduction clock generation PLL circuit 1010, an adap-
tive equalization circuit 1011, and a data demodulation circuit
1012. In the figure, an optical disc 1000 on which data 1s
recordable 1n a reproduceable format 1s shown.

The optical head 1001 irradiates the optical disc 1000 with
a light beam for performing data recording or data reproduc-
tion. The motor 1002 rotates the optical disc 1000 at a pre-
scribed rotation rate.

Based on a reproduction signal obtained from the optical
head 1001, the servo circuit 1003 appropriately controls the
position of the optical head 1001 for outputting the light beam
and the rotation rate of the motor 1002.

The address reproducing circuit 1004 reproduces address
information pre-recorded on a track of the optical disc 1000,
which 1s included 1n the detected reproduction signal.

The CPU 1005 controls the entire apparatus.
The run-1n generation circuit 1006 generates a bit pattern
for the run-1n area.

The data modulation circuit 1007 generates a bit pattern
obtained by performing error correction coding processing
and modulation on recording data.

The recording control circuit 1008 controls the intensity of
the light beam from the optical head 1001 such that the run-in
bit pattern and the bit pattern of the recording data are
recorded on a block at a specified address.

The data signal extraction circuit 1009 extracts a data sig-
nal based on the recording data from the reproduction signal.

The reproduction clock generation PLL circuit 1010 gen-
erates a reproduction clock bit-synchronized to the extracted
data signal.

The adaptive equalization circuit 1011 appropriately bina-
rizes the data signal including amplitude reduction or wave
distortion by the PRML technology.

The data demodulation circuit 1012 performs demodula-
tion and error correction processing on the binarized data
signal 1n accordance with a prescribed modulation rule to
obtain reproduction data.

In order to effectively use the PRML technology in the
adaptive equalization circuit 1011, a reproduction clock sig-
nal acting as the reference for the operation timing of the
adaptive equalization circuit 1011 1s required, and also the
adaptive equalization circuit 1011 needs to perform adaptive
locking control.

A reproduction clock signal 1s a clock signal synchronized
to the bit length of a data signal, and 1s generated by the
reproduction clock generation PLL circuit 1010 which
receives the data signal as an input signal. In order to generate
a stable reproduction clock signal, it 1s usually appropriate
that the response characteristic of the reproduction clock
generation PLL circuit 1010 1s set to a frequency which 1s
about one several hundredths to one several tenths of an
average spatial frequency of a data signal.

In the meantime, data 1n the vicinity of the outermost end of
the optical disc 1000 may be reproduced by changing the
position of the optical disc 1000 to be 1irradiated with the light
beam from the state where data in the vicinity of the mner-
most end of the optical disc 1000 1s being reproduced. For
performing such reproduction, it 1s required to detect the
synchronization position with respect to the data signal
within a short time. This 1s required 1n order not to spoil the

accessibility to the data on the optical disc 1000 1n the situa-
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tion where the frequency of the bit length 1s significantly
varied in accordance with the rotation rate of the motor 1002
for rotating the optical disc 1000 or 1n accordance with the
radial position on the optical disc 1000 of the data to be
reproduced. For realizing this, the reproduction clock genera-
tion PLL circuit 1010 needs to have a capability of locking the
frequency and the phase within a short time.

According to the conventional technology, 1n order to ful-
{111 such a requirement by providing both the stability and the
locking capability of the reproduction clock generation PLL
circuit 1010 during data reproduction, a run-in area for allow-
ing the reproduction clock generation PLL circuit 1010 to
ciliciently perform the locking 1s provided at every prescribed
block. As a bit pattern for the run-in area, a single bit pattern
shown 1n, for example, FIG. 17(A) 1s adopted. In this pattern,
the same length bits of 4 T marks and 4 T spaces are contin-
ued. Since such a simple bit pattern 1s known 1n advance, a
frequency error or a phase error can be easily detected and so
the reproduction clock generation PLL circuit 1010 can per-
torm the locking stably 1n a short time.

The adaptive equalization circuit 1011 (FIG. 19) includes
an equalization filtering circuit, an adaptive control circuit for
controlling a filter coetlicient of the equalization filtering
circuit, and a Viterbi decoding circuit for binarizing an output
from the equalization filtering circuit (none of these 1is
shown).

The adaptive control circuit adaptively controls the filter
coellicient of the equalization filtering circuit, such that the
signal amplitude or the wave distortion state of the data signal
processed by the equalization filtering circuit reaches a target
amplitude pre-specified for each bit length, namely, such that
the frequency characteristic of the data signal is close to the
pre-specified frequency characteristic. The signal amplitude
or the wave distortion state of the data signal mainly varies
depending on the recording conditions, and therefore 1t 1s
appropriate that the response characteristic of the adaptive
control circuit for controlling the filter coefficient 1s set to be
suificiently low. The adaptive control circuit 1s effective for a
zone 1n which the sufficient locking control has been com-
pleted, but 1s not effective for a zone 1n which the locking
control has not been completed. In such a zone, a bit error 1s
likely to occur during the data 1s decoded by the Viterbi
decoding circuit. Therefore, like the above-described repro-
duction clock generation PLL circuit 1010, the adaptive con-
trol circuit needs to perform the locking control within a short
time, such that when the position on the track of the optical
disc 1000 at which the data 1s to be reproduced 1s changed, a
stable data reduction state 1s realized within a short time.

Conventionally, in order to fulfill such a requirement, the
tollowing bit pattern 1s used as the bit pattern for the run-in
area: a bit pattern by which all the pre-specified target ampli-
tudes are present, 1n order to allow the adaptive equalization
circuit 1011 to perform the adaptive locking; and further a
simple fixed bit pattern in order to allow, with certainty, the
reproduction clock generation PLL circuit 1010 to perform
the locking.

FIG. 20 shows an 1deal signal amplitude of each of signal
wavetorms of 2 T through 9 T and synchronization sampling
points by an 1deal reproduction clock signal, where the optical
transier function (OTF) 1s as shown 1n FIG. 18 and appropri-
ate equalization processing has been performed. In the
example shown here, as shown 1 FIG. 17(B), the following
three bit lengths are used: the shortest bit length 2 T at which
the reproduction signal amplitude 1s minimum, 3 T at which
the reproduction signal amplitude 1s at a medium level, 6 T at
which the reproduction signal amplitude 1s maximum. These
three bit lengths are used in order to allow all the target
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amplitudes to be present. Furthermore, as a simple fixed bit
pattern, a bit pattern having a length of 22 T 1n total including
2T mark/2 T space/3 T mark/3 T space/6 T mark/6 T space 1s
used, for example.

FIG. 21 shows an 1deal signal waveform of a data signal of
a repeat unit of 2 T mark/2 T space/3 T mark/3 T space/6 T
mark/6 T space and synchronization sampling points by an
ideal reproduction clock signal. Owing to this, the reproduc-
tion clock generation PLL circuit 1010 can perform the lock-
ing and the adaptive equalization circuit 1011 can perform the
adaptive locking control both in the run-in area, and so the
data recorded after the run-in area can be stably reproduced.

Recently, 1n order to respond to the demand for a signifi-
cantly enlarged recording capacity, studies are being made on
optical discs having a higher recording density than that of the
conventional BD. It has been found that when the length of
the recording marks and the inter-mark distances are
decreased to obtain a larger recording capacity than the con-
ventional recording capacity, the spatial frequency of the
shortest bit length 2 T becomes higher than the OTF cutoff
frequency and as a result, the amplitude of a 2 T reproduction
signal becomes 0%. For example, FIG. 22 shows an example
in which the spatial frequency of 2 T 1s higher than the OTF
cutofl frequency and the amplitude of a 2 T reproduction
signal 1s 0.

As seen from this example, when the bit pattern of a con-
ventional run-in area 1s used as it 1s for an optical disc having
a higher density than the conventional recording density, the
following problem arises. The waveform of a data signal
corresponding to marks/spaces having a length of 2 T or a
length close to 2 T 1s largely distorted and so an accurate bit
border position cannot be obtained. As aresult, the locking by
the reproduction clock generation PLL circuit 1010 and the
locking by the adaptive equalization circuit 1011 cannot be
stably performed.

FIG. 23 shows an 1deal signal amplitude of each of signal
wavelorms of 2 T through 9T and synchronization sampling
points by an 1deal reproduction clock signal, where the optical
transier function (OTF) 1s as shown 1n FIG. 22 and appropri-
ate equalization processing has been performed. The ampli-
tude of each signal of 3 T or longer 1s 1dentifiably obtained,
but the signal amplitude of 2 T 1s zero and 1s not i1dentifiable.
FIG. 24 shows an 1deal signal waveform of a data signal of a
repeat umt of 2 T mark/2 T space/3 T mark/3 T space/6 T
mark/6 T space and synchronization sampling points by an
ideal reproduction clock signal 1n such a case. It 1s seen that
because the signal amplitude of 2 T 1s zero, the mark/space bit
border can be accurately obtained only at the border between
the 3 T mark and the 3 T space, the border between the 3 T
space and the 6 T mark, and the border between the 6 T mark
and the 6 T space. In the case where the 2 T markand the 2 T
space are not 1deally recorded, the waveforms of 3 T and 6 T
adjacent to 2 T are largely distorted. Intfluenced by this, the
border between the 3 T mark and the 3 T space and the border
between the 6 T mark and the 6 T space are shifted and cannot
be accurately obtained. In a worst case, neither the reproduc-
tion clock generation PLL circuit 1010 nor the adaptive
equalization circuit 1011 can perform the locking, and the
data becomes unreproduceable.

The bit pattern of the conventional run-in area 1s a repeti-
tion of a simple fixed pattern. Therefore, there 1s another
problem that the synchronization for demodulating the data
cannot be realized by the data demodulation circuit 1012 and
data errors are continued 1n many consecutive zones. This
may occur 1n the following case. An accurate position 1n the
run-in area cannot be specified, and so the locking by the
reproduction clock generation PLL circuit 1010 and the lock-




US 8,098,566 B2

S

ing by the adaptive equalization circuit 1011 are msuificient.
As a result, the frame synchronization pattern of frame 0

which represents the start of data recorded after the run-in
area cannot be detected.

[,

SUMMARY OF THE INVENTION

The present invention made 1n light of the above-described
problems has an object of providing an optical disc having a
bit pattern 1n a run-in area, which allows a reproduction clock 10
generation PLL circuit and an adaptive equalization circuit to
perform stable locking even when the frequency correspond-
ing to the shortest bit length 1s higher than the OTF cutoif
frequency, and which prevents the generation of continuous
data errors even when the locking by the reproduction clock 15
generation PLL circuit or the locking by the adaptive equal-
1zation circuit 1s insuificient. Another object of the present
invention 1s to provide an optical disc reproducing apparatus
and an optical disc recording apparatus using such a bit pat-
tern 1n the run-in area. 20

An optical disc according to the present mvention com-
prises tracks, each divided mto a plurality of recording
blocks; each of the plurality of blocks includes a run-in area
and a data area; in the run-in area, a prescribed run-in bit
pattern 1s recordable; in the data area, bit patterns having a 25
plurality of bit lengths obtained by modulating data as a
recording target 1n accordance with a prescribed modulation
rule are recordable; at least one of spatial frequencies corre-
sponding to the bit patterns having the plurality of bit lengths
in accordance with the prescribed modulation rule 1s higher 30
than a cutoil frequency; the cutoil frequency 1s defined as a
frequency at which a gain of an optical transfer function
(OTF) 1s 0 times; and the run-in bit pattern recordable in the
run-in area includes the bit patterns having the plurality of bit
lengths, from which the bit pattern corresponding to the fre- 35
quency higher than the OTF cutoil frequency has been
excluded.

The run-1n bit pattern may include the bit patterns having
the plurality of bit lengths, from which the bit pattern corre-
sponding to the frequency higher than the OTF cutoffl fre- 40
quency has been excluded, and which have a bit length equal
to or shorter than a bit length at which a reproduction signal of
the run-in bit pattern, obtained from reflected light when the
optical disc 1s 1rradiated with a prescribed light beam, has a
maximum signal amplitude. 45

The run-in bit pattern may include both a combination of
bit patterns having a bit length difference of nT or smaller and
a combination of bit patterns having a bit length difference of
(n+1) or larger, where n 1s a natural number.

In the run-1n bit pattern, a part having a prescribed length 50
from a start of the run-in area may include a pattern in which
short bit lengths appear at a higher frequency than 1n a part
immediately after the end of the prescribed length.

An optical disc according to the present mvention com-
prises a track divided into a plurality of recording blocks; 55
cach of the plurality of blocks includes a run-in area and a data
area; in the run-in area, a prescribed run-in bit pattern 1s
recordable; 1n the data area, bit patterns having a plurality of
bit lengths obtained by modulating data as a recording target
in accordance with a prescribed modulation rule are record- 60
able; where the shortest mark among the bit patterns having
the plurality of bit lengths has a length of TM nm, the shortest
space among the bit patterns having the plurality of bit lengths
has a length of TS nm, laser light used for irradiating the track
has a wavelength of A nm, and an objective lens for collecting 65
the laser light has a numerical aperture NA, TM+TS<A\/(2x
NA) 1s fulfilled; and the run-in bit pattern recordable in the

6

run-in area includes the bit patterns having the plurality of bit
lengths, from which a bit pattern having a bit length equal to
or shorter than A/(2xINA)/2 has been excluded.

The length A of the laser light used for irradiating the track
may be 400 to 410 nm.

The numerical aperture NA of the objective lens may be
0.84 to 0.86.

A total length TM+TS of the length of the shortest mark
and the length of the shortest space may be shorter than 238.2
nm (405/(2x0.85)).

The data as the recording target may be modulated by 1-7
modulation rule, the length of the shortest mark may be 2 T
and the length of the shortest space may be 2 T.

A reproducing method according to the present invention 1s
for reproducing data recorded on the above-described optical
disc. The reproducing method comprises the steps of detect-
ing a reproduction signal obtained by reproducing a bit pat-
tern recorded on the track of the optical disc; generating a
clock signal phase-synchronized to bits of the reproduction
signal; outputting a binary signal obtained by performing
adaptive equalization and then binarization on the reproduc-
tion s1ignal; and demodulating the binary signal 1n accordance
with a prescribed modulation rule 1n the data area, thereby
extracting recording data. The step generating the clock sig-
nal performs locking control for phase synchronization on the
reproduction signal and the clock signal 1n the run-in area at
a higher gain than in the data area. The step of outputting the
binary signal performs locking control for adaptive equaliza-
tion 1n the run-in area at a higher gain than 1n the data area.

A reproducing method according to the present invention 1s
for reproducing data recorded on the above-described optical
disc. The reproducing method comprises the steps of detect-
ing a reproduction signal obtained by reproducing a bit pat-
tern recorded on the track of the optical disc; generating a
clock signal phase-synchronized to bits of the reproduction
signal; outputting a binary signal obtained by performing
adaptive equalization and then binarization on the reproduc-
tion s1ignal; and demodulating the binary signal 1n accordance
with the prescribed modulation rule 1n the data area, thereby
extracting recording data. The step of generating the clock
signal performs locking control for phase synchronization on
the reproduction signal and the clock signal 1n the run-in area
at a higher gain than 1n the data area. The step of outputting the
binary signal performs locking control for adaptive equaliza-
tion in the run-1n area at a higher gain than in the data area.

An optical disc recording method according to the present
invention 1s for recording data on the above-described optical
disc. The optical disc recording method comprises the steps
of generating the run-in bit pattern; generating a data bat
pattern obtained by modulating data as the recording target in
accordance with a prescribed modulation rule and then 1nsert-
ing a prescribed frame synchronization pattern at every pre-
scribed frame length; and recording the run-in bit pattern 1n
the run-1n area, and recording the data bit pattern 1n the data
area, ol each of the recording blocks of the optical disc. The
run-in bit pattern includes the bit patterns having the plurality
of bit lengths, from which a bit pattern corresponding to a
frequency higher than the OTF cutoil frequency has been
excluded.

An optical disc recording method according to the present
invention 1s for recording data on the above-described optical
disc. The optical disc recording method comprises the steps
of generating the run-in bit pattern; generating a data bat
pattern obtained by modulating data as the recording target in
accordance with a prescribed modulation rule and then 1nsert-
ing a prescribed frame synchronization pattern at every pre-
scribed frame length; and recording the run-in bit pattern 1n
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the run-in area, and recording the data bit pattern 1n the data
area, of each of the recording blocks of the optical disc. The
run-in bit pattern includes the bit patterns having the plurality
of bit lengths, from which a bit pattern corresponding to a
frequency higher than the OTF cutoil frequency has been
excluded.

An optical disc according to the present mvention com-
prises tracks, each divided mto a plurality of recording
blocks; each of the plurality of blocks includes a run-in area
and a data area; in the run-in area, a prescribed run-in bit
pattern 1s recorded; and 1n the data area, a bit pattern, obtained
by modulating recording data in accordance with a prescribed
modulation rule and then inserting a prescribed frame syn-
chronization pattern at every prescribed frame length, 1s
recorded. The run-in bit pattern recorded in the run-in area
includes a run-in synchronization pattern which includes a bit
pattern longer than the longest bit length included 1n the bit
pattern recorded in the data area and a bit pattern longer than
the bit length of the frame synchronization pattern.

The run-1n bit pattern may include a plurality of the run-in
synchronization patterns, and the plurality of the run-in syn-
chronization patterns are different bit patterns from each
other.

A reproducing method according to the present invention 1s
tor reproducing the recording data from the above-described
optical disc. The reproducing method comprises the steps of
detecting a reproduction signal obtained by reproducing a bit
pattern recorded on the track of the optical disc; outputting a
binary signal obtained by binarizing the reproduction signal;
detecting a run-in synchronization pattern included in the
run-in area from the binary signal; detecting a frame synchro-
nization pattern included 1n the data area from the binary
signal; and demodulating the binary signal in accordance
with the prescribed modulation rule in the data area, thereby
extracting the recording data. In the case where the run-in
synchronization pattern 1s detected by the run-in synchroni-
zation detection step in the run-1n area of each of the record-
ing blocks but the frame synchronization pattern 1s undetect-
able by the frame synchronization detection step in the
vicinity of the start of the data area following the run-1in area,
the step of extracting the recording data performs demodula-
tion processing on the data area based on a timing at which the
run-in synchronization pattern 1s detected by the run-in syn-
chronization detection step.

A recording method according to the present invention 1s
for recording the recording data on the above-described opti-
cal disc. The recording method comprises the steps of gener-
ating the run-in bit pattern; generating a data bit pattern
obtained by modulating the recording data in accordance with
a prescribed modulation rule and then inserting a prescribed
frame synchronization pattern at every prescribed frame
length; and recording the run-in bit pattern in the run-1n area,
and recording the data bit pattern in the data area, of each of
the recording blocks of the optical disc. The run-1n bit pattern
includes a run-in synchronization pattern which includes a bit
pattern longer than the longest bit length included 1n the bit
pattern recorded 1n the data area and a bit pattern longer than
the bit length of the frame synchronization pattern.

In addition, 1n order to solve the above-described prob-
lems, an optical disc according to the present invention coms-
prises a track divided into a plurality of recording blocks;
cach of the plurality of blocks includes a run-in area and a data
area; 1n the run-in area, a prescribed run-in bit pattern is
recorded; and in the data area, a bit pattern, obtained by
modulating recording data in accordance with a prescribed
modulation rule and then inserting a prescribed frame syn-
chronization pattern at every prescribed frame length, i1s
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recorded. The run-in bit pattern recorded in the run-in area
includes a run-in synchronization pattern which includes a bit
pattern which 1s longer than the longest bit length included in
the bit pattern recorded 1n the data area and a bit pattern longer
than the bit length of the frame synchronization pattern.

The run-in b1t pattern may include a plurality of the run-in
synchronization patterns, and the plurality of the run-in syn-
chronization patterns may be different bit patterns from each
other.

An optical disc according to the present invention com-
prises a track divided into a plurality of recording blocks;
cach of the plurality of blocks includes a run-in area and a data
area; in the run-in area, a prescribed run-in bit pattern is
recorded; 1n the data area, bit patterns obtained by modulating
recording data 1n accordance with a prescribed modulation
rule are recorded; the spatial frequency corresponding to the
shortest of the bit patterns 1n accordance with the prescribed
modulation rule 1s higher than the cutoif frequency at which
the OTF gain 1s O times; and the run-in bit pattern recorded in
the run-in area includes the bit patterns generated by the
prescribed modulation rule, from which the bit pattern having,
a bit length corresponding to the frequency higher than the
OTF cutolf frequency has been excluded.

The run-1n bit pattern may 1nclude the bit patterns gener-
ated by the prescribed modulation rule, from which the bat
pattern having a bit length corresponding to the frequency
higher than the OTF cutoil frequency has been excluded, and
which have a bit length equal to or shorter than a bit length
corresponding to a spatial frequency at which the OTF gain 1s
maximum.

The run-1n bit pattern may include both a combination of
bit patterns having a small bit length difference and a combi-
nation of bit patterns having a large bit length difference.

In the run-in bit pattern, a first half may include a pattern in
which short bit lengths appear at a high frequency.

An optical disc reproducing apparatus according to the
present invention 1s for reproducing recording data from an
optical disc comprising a track divided into a plurality of
recording blocks; wherein each of the plurality of blocks
includes a run-in area and a data area; 1n the run-in area, a
prescribed run-in bit pattern 1s recorded; 1n the data area, a bit
pattern, obtained by modulating the recording data 1n accor-
dance with a prescribed modulation rule and then inserting a
prescribed frame synchronization pattern at every prescribed
frame length, 1s recorded; and the run-1n bit pattern recorded
in the run-in area includes a run-in synchronization pattern
which includes a bit pattern which 1s longer than the longest
bit length included 1n the bit pattern recorded 1n the data area
and a bit pattern longer than the bit length of the synchroni-
zation pattern. The optical disc reproducing apparatus com-
prises reproduction signal detection means for detecting a
reproduction signal obtained by reproducing a bit pattern
recorded on the track of the optical disc; binarization means
for outputting a binary signal obtained by binarizing the
reproduction signal; run-in synchronization detection means
for detecting a run-in synchronization pattern included 1n the
run-in area from the binary signal; frame synchronization
detection means for detecting a frame synchronization pat-
tern included in the data area from the binary signal; and
demodulation means for demodulating the binary signal 1n
accordance with the prescribed modulation rule 1n the data
area, thereby extracting the recording data. In the case where
the run-in synchronization pattern i1s detected by the run-in
synchronization detection means in the run-in area of each of
the recording blocks but the frame synchronization pattern 1s
undetectable by the frame synchromization detection means
in the vicinity of the start of the data area following the run-in
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area, the demodulation means performs demodulation pro-
cessing on the data area based on a timing at which the run-in
synchronization pattern 1s detected by the run-in synchroni-
zation detection means.

An optical disc reproducing apparatus according to the
present invention 1s for reproducing recording data from an
optical disc comprising a track divided into a plurality of
recording blocks; wherein each of the plurality of blocks
includes a run-in area and a data area; 1n the run-in area, a
prescribed run-in bit pattern is recorded; 1n the data area, bit
patterns obtained by modulating the recording data 1n accor-
dance with a prescribed modulation rule are recorded; the
spatial frequency corresponding to the shortest of the bit
patterns 1n accordance with the prescribed modulation rule 1s
higher than the cutoll frequency at which the OTF gain 1s O
times; and the run-in bit pattern recorded 1n the run-in area
includes the bit patterns generated by the prescribed modu-
lation rule, from which the bit pattern having a bit length
corresponding to the frequency higher than the OTF cutoif
frequency has been excluded. The optical disc reproducing
apparatus comprises reproduction signal detection means for
detecting a reproduction signal obtained by reproducing a bit
pattern recorded on the track of the optical disc; clock gen-
eration means for generating a clock signal phase-synchro-
nized to bits of the reproduction signal; adaptive equalization
means for outputting a binary signal obtained by performing,
adaptive equalization and then binarization on the reproduc-
tion signal; and demodulation means for demodulating the
binary signal 1n accordance with the prescribed modulation
rule 1n the data area, thereby extracting the recording data.
The clock generation means performs locking control for
phase synchromization on the reproduction signal and the
clock signal 1n the run-1n area at a higher gain than in the data
area. The adaptive equalization means performs locking con-
trol for adaptive equalization in the run-in area at a higher gain
than in the data area.

An optical disc recording apparatus according to the
present mnvention 1s for recording data on an optical disc
comprising a track divided into a plurality of recording
blocks; wherein each of the plurality of blocks includes a
run-in area and a data area; 1n the run-in area, a prescribed
run-in bit pattern 1s recorded; and in the data area, a bit
pattern, obtained by modulating the recording data 1n accor-
dance with a prescribed modulation rule and then inserting a
prescribed frame synchronization pattern at every prescribed
frame length, 1s recorded. The optical disc recording appara-
tus comprises run-in bit pattern generation means for gener-
ating the run-in bit pattern; data bit pattern generation means
for generating a data bit pattern obtained by modulating the
recording data 1n accordance with the prescribed modulation
rule and then inserting a prescribed frame synchronization
pattern at every prescribed frame length; and recording means
for recording the run-in bit pattern in the run-in area, and
recording the data bit pattern in the data area, of each of the
recording blocks of the optical disc. The run-bit pattern gen-
erated by the run-in bit pattern generation means includes a
run-in synchronization pattern which includes a bit pattern
longer than the longest bit length included in the data bait
pattern recorded in the data area and a bit pattern longer than
the bit length of the frame synchronization pattern.

An optical disc recording apparatus according to the
present nvention 1s for recording data on an optical disc
comprising a track divided into a plurality of recording
blocks; wherein each of the plurality of blocks includes a
run-in area and a data area; 1n the run-in area, a prescribed
run-in bit pattern 1s recorded; 1n the data area, bit patterns
obtained by modulating the recording data in accordance with
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a prescribed modulation rule are recorded; and the spatial
frequency corresponding to the shortest of the bit patterns 1n
accordance with the prescribed modulation rule 1s higher than
the cutoll frequency at which the OTF gain 1s O times. The
optical disc recording apparatus comprises run-in bit pattern
generation means for generating the run-in bit pattern; data
bit pattern generation means for generating a data bit pattern
obtained by modulating the recording data 1n accordance with
the prescribed modulation rule and then inserting a prescribed
frame synchronization pattern at every prescribed frame
length; and recording means for recording the run-in bit pat-
tern in the run-in area, and recording the data bit pattern in the
data area, of each of the recording blocks of the optical disc.
The run-in bit pattern generated by the run-in bit pattern
generation means includes the bit patterns generated by the
prescribed modulation rule, from which a bit pattern having a
bit length corresponding to a frequency higher than the OTF
cutoll frequency has been excluded.

An optical disc reproducing method according to the
present ivention 1s for reproducing recording data from an
optical disc comprising a track divided into a plurality of
recording blocks; wherein each of the plurality of blocks
includes a run-in area and a data area; 1n the run-in area, a
prescribed run-in bit pattern 1s recorded; in the data area, a bit
pattern, obtained by modulating the recording data in accor-
dance with a prescribed modulation rule and then inserting a
prescribed frame synchronization pattern at every prescribed
frame length, 1s recorded; and the run-in bit pattern recorded
in the run-in area includes a run-in synchronization pattern
which includes a bit pattern which 1s longer than the longest
bit length included 1n the bit pattern recorded 1n the data area
and a bit pattern longer than the bit length of the frame
synchronization pattern. The optical disc reproducing
method comprises a reproduction signal detection step of
detecting a reproduction signal obtained by reproducing a bat
pattern recorded on the track o the optical disc; a binarization
step of outputting a binary signal obtained by binarizing the
reproduction signal; a run-in synchronization detection step
of detecting a run-1n synchronization pattern included 1n the
run-in area from the binary signal; a frame synchronization
detection step of detecting a frame synchronization pattern
included in the data area from the binary signal; and a
demodulation step of demodulating the binary signal in
accordance with the prescribed modulation rule 1n the data
area, thereby extracting the recording data. In the case where
the run-in synchronization pattern i1s detected by the run-in
synchronization detection step 1n the run-in area of each of the
recording blocks but the frame synchronization pattern 1s
undetectable by the frame synchromzation detection step in
the vicinity of the start of the data area following the run-in
area, the demodulation step performs demodulation process-
ing on the data area based on a timing at which the run-in
synchronization pattern 1s detected by the run-in synchroni-
zation detection step.

An optical disc reproducing method according to the
present imnvention 1s for reproducing recording data from an
optical comprising a track divided into a plurality of record-
ing blocks; wherein each of the plurality of blocks includes a
run-in area and a data area; 1n the run-in area, a prescribed
run-in bit pattern 1s recorded; 1n the data area, bit patterns
obtained by modulating the recording data 1n accordance with
a prescribed modulation rule are recorded; the spatial fre-
quency corresponding to the shortest of the bit patterns 1n
accordance with the prescribed modulation rule 1s higher than
the cutoil frequency at which the OTF gain 1s 0 times; and the
run-in bit pattern recorded 1n the run-1n area includes the bit
patterns generated by the prescribed modulation rule, from
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which the bit pattern having a bit length corresponding to the
frequency higher than the OTF cutoil frequency has been
excluded. The optical disc reproducing method comprises a
reproduction signal detection step of detecting a reproduction
signal obtained by reproducing a bit pattern recorded on the
track of the optical disc; a clock generation step of generating,
a clock signal phase-synchronized to bits of the reproduction
signal; an adaptive equalization step of outputting a binary
signal obtained by performing adaptive equalization and then
binarization on the reproduction signal; and a demodulation
step of demodulating the binary signal 1n accordance with a
prescribed modulation rule 1n the data area, thereby extract-
ing the recording data. The clock generation step performs
locking control for phase synchronization on the reproduc-
tion signal and the clock signal 1n the run-1n area at a higher
gain than in the data area. The adaptive equalization step
performs locking control for adaptive equalization 1n the run-
in area at a higher gain than in the data area.

An optical disc recording method according to the present
invention 1s for recording data on an optical disc comprising
a track divided into a plurality of recording blocks; wherein
cach of the plurality ol blocks includes a run-in area and a data
area; 1n the run-in area, a prescribed run-in bit pattern 1s
recorded; and in the data area, a bit pattern, obtained by
modulating the recording data 1n accordance with a pre-
scribed modulation rule and then 1nserting a prescribed frame
synchronization pattern at every prescribed frame length, 1s
recorded. The optical disc recording method comprises a
run-in bit pattern generation step of generating the run-in bit
pattern; a data bit pattern generation step of generating a data
bit pattern obtained by modulating the recording data in
accordance with the prescribed modulation rule and then
iserting a prescribed frame synchronization pattern at every
prescribed frame length; and a recording step of recording the
run-in bit pattern in the run-in area, and recording the data bit
pattern 1n the data area, of each of the recording blocks of the
optical disc. The run-in bit pattern generated by the run-in bit
pattern generation step includes a run-1n synchronization pat-
tern which includes a bit pattern longer than the longest bit
length included 1n the data bit pattern recorded 1n the data area
and a bit pattern longer than the bit length of the frame
synchronization pattern.

An optical disc recording method according to the present
invention 1s for recording data on an optical disc comprising
a track divided into a plurality of recording blocks; wherein
cach of the plurality of blocks includes a run-in area and a data
area; 1n the run-in area, a prescribed run-in bit pattern is
recorded; in the data area, bit patterns obtained by modulating,
the recording data in accordance with a prescribed modula-
tion rule are recorded; and the spatial frequency correspond-
ing to the shortest of the bit patterns 1n accordance with the
prescribed modulation rule 1s higher than the cutoit frequency
at which the OTF gain 1s O times. The optical disc recording
method comprises a run-bit pattern generation step of gener-
ating the run-in bit pattern; a data bit pattern generation step
ol generating a data bit pattern obtained by modulating the
recording data 1n accordance with the prescribed modulation
rule and then inserting a prescribed frame synchronization
pattern at every prescribed frame length; and recording step
of recording the run-in bit pattern in the run-in area, and
recording the data bit pattern 1n the data area, of each of the
recording blocks of the optical disc. The run-in bit pattern
generated by the run-in bit pattern generation step includes
the bit patterns generated by the prescribed modulation rule,
from which a bit pattern having a bit length corresponding to
a frequency higher than the OTF cutoll frequency has been
excluded.
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An mtegrated circuit according to the present invention 1s
for reproducing recording data from a reproduction signal
reproduced from an optical disc comprising a track divided
into a plurality of recording blocks; wherein each of the
plurality of blocks includes a run-in area and a data area; in
the run-1n area, a prescribed run-in bit pattern is recorded; in
the data area, a bit pattern, obtained by modulating the record-
ing data 1n accordance with a prescribed modulation rule and
then mserting a prescribed frame synchronization pattern at
every prescribed frame length, 1s recorded; and the run-in bat
pattern recorded in the run-in area includes a run-1n synchro-
nization pattern which includes a bit pattern which 1s longer
than the longest bit length included 1n the bit pattern recorded
in the data area and a bit pattern longer than the bit length of
the frame synchronization pattern. The integrated circuit
comprises binarization means for outputting a binary signal
obtained by binarizing the reproduction signal; run-in syn-
chronization detection means for detecting a run-in synchro-
nization pattern included 1n the run-in area from the binary
signal; frame synchronization detection means for detecting a
frame synchronization pattern included 1n the data area from
the binary signal; and demodulation means for demodulating
the binary signal in accordance with the prescribed modula-
tion rule in the data area, thereby extracting the recording
data. In the case where the run-in synchronization pattern 1s
detected by the run-1n synchronization detection means in the
run-in area of each of the recording blocks but the frame
synchronization pattern 1s undetectable by the frame synchro-
nization detection means in the vicinity of the start of the data
area following the run-in area, the demodulation means per-
forms demodulation processing on the data area based on a
timing at which the run-in synchronization pattern 1s detected
by the run-in synchronization detection means.

An itegrated circuit according to the present invention 1s
for reproducing recording data from a reproduction signal
reproduced from an optical disc comprising a track divided
into a plurality of recording blocks; wherein each of the
plurality of blocks includes a run-in area and a data area; in
the run-1n area, a prescribed run-in bit pattern is recorded; in
the data area, bit patterns obtained by modulating the record-
ing data 1n accordance with a prescribed modulation rule are
recorded; the spatial frequency corresponding to the shortest
the bit patterns 1n accordance with the prescribed modulation
rule 1s higher than the cutoif frequency at which the OTF gain
1s O times; and the run-1n bit pattern recorded 1n the run-in area
includes the bit patterns generated by the prescribed modu-
lation rule, from which the bit pattern having a bit length
corresponding to the frequency higher than the OTF cutoff
frequency has been excluded. The integrated circuit com-
prises clock generation means for generating a clock signal
phase-synchronized to bits of the reproduction signal; adap-
tive equalization means for outputting a binary signal
obtained by performing adaptive equalization and then bina-
rization on the reproduction signal; and demodulation means
for demodulating the binary signal in accordance with the
prescribed modulation rule 1n the data area, thereby extract-
ing the recording data. The clock generation means performs
locking control for phase synchronization on the reproduc-
tion signal and the clock signal 1n the run-in area at a higher
gain than in the data area. The adaptive equalization means
performs locking control for adaptive equalization 1n the run-
in area at a higher gain than 1n the data area.

An integrated circuit according to the present invention 1s
for generating a recording signal for recording data on an
optical disc comprising a track divided into a plurality of
recording blocks; wherein each of the plurality of blocks
includes a run-in area and a data area; 1n the run-in area, a
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prescribed run-in bit pattern 1s recorded; and 1n the data area,
a bit pattern, obtained by modulating the recording data i1n
accordance with a prescribed modulation rule and then 1nsert-
ing a prescribed frame synchronization pattern at every pre-
scribed frame length, 1s recorded. The integrated circuit com-
prises run-in bit pattern generation means for generating the
run-in bit pattern; data bit pattern generation means for gen-
crating a data bit pattern obtained by modulating the record-
ing data in accordance with a prescribed modulation rule and
then serting a prescribed frame synchronization pattern at
every prescribed frame length; and recording means for
recording the run-in bit pattern in the run-in area, and record-
ing the data bit pattern in the data area, of each of the record-
ing blocks of the optical disc. The run-in bit pattern generated
by the run-in bit pattern generation means includes a run-in
synchronization pattern which includes a bit pattern longer
than the longest bit length included 1n the bit pattern recorded
in the data area and a bit pattern longer than the bit length of
the frame synchronization pattern.

An 1ntegrated circuit according to the present invention 1s
for generating a recording signal for recording data on an
optical disc comprising a track divided into a plurality of
recording blocks; wherein each of the plurality of blocks
includes a run-in area and a data area; 1n the run-in area, a
prescribed run-in bit pattern is recorded; 1n the data area, bit
patterns obtained by modulating the recording data in accor-
dance with a prescribed modulation rule are recorded; and the
spatial frequency corresponding to the shortest of the bit
patterns 1n accordance with the prescribed modulation rule 1s
higher than the cutolf frequency at which the OTF gain 1s O
times. The integrated circuit comprises run-in bit pattern gen-
cration means for generating the run-in bit pattern; data bit
pattern generation means for generating a data bit pattern
obtained by modulating the recording data in accordance with
the prescribed modulation rule and then inserting a prescribed
frame synchronization pattern at every prescribed frame
length; and recording means for recording the run-in bit pat-
tern in the run-in area, and recording the data bit pattern in the
data area, of each of the recording blocks of the optical disc.
The run-in bit pattern generated by the run-in bit pattern
generation means includes the bit patterns generated by the
prescribed modulation rule, from which the bit pattern having
a bit length corresponding to the frequency higher than the
OTF cutoll frequency has been excluded.

According to the present invention, a run-in synchroniza-
tion pattern having a longer bit length than the bit lengths
present in the data area 1s located 1n the bit pattern 1in the run-in
area. Owing to this, even when the phase synchronization
locking by the PLL circuit or the adaptive equalization lock-
ing by the adaptive equalization circuit 1s insuflicient, the
run-in synchronization pattern having a long bit length 1s
casily detectable. Therefore, data following the run-in area
based on the run-in synchronization pattern detection posi-
tion can be demodulated. Thus, the generation of continuous
data errors 1s avoided.

For performing high density recording with which the spa-
tial frequency corresponding to the shortest bit 1s higher than
the cutofl frequency at which the OTF gain 1s O times, the
run-in bit pattern recorded in the run-in area includes bit
patterns generated by the prescribed modulation rule, from
which the bit pattern having a bit length corresponding to the
frequency higher than the OTF cutoil frequency has been
excluded. Owing to this, the positions of all the mark/space
borders 1n the run-in bit pattern are easily obtained from the
reproduction signal. Theretfore, the locking by the PLL circuit
and the locking by the adaptive equalization circuit can be
performed stably.
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The run-1n bit pattern includes the bit patterns generated by
the prescribed modulation rule, from which the bit pattern
having a bit length corresponding to the frequency higher
than the OTF cutoll frequency has been excluded, and which
have a bit length equal to or shorter than a bit length corre-
sponding to a spatial frequency at which the OTF gain 1s
maximum. Alternatively, the run-in bit pattern includes both
a combination of bit patterns having a small bit length differ-
ence and a combination of bit patterns having a large bat
length difference. Owing to such a structure, the locking by
the adaptive equalization circuit can be appropriately per-
formed for bit patterns other than the bit pattern correspond-
ing to a spatial frequency higher than the OTF cutoil fre-
quency. Therefore, while data errors caused by a bit pattern
corresponding to a low spatial frequency are suppressed,
adaptive equalization control can be stably performed on bit
patterns corresponding to a spatial frequency higher than the
OTF cutoll frequency.

In the run-in bit pattern, a first includes a pattern 1n which
short bit lengths appear at a high frequency. In this case, there
are many mark/space borders, and much timing information
necessary for the PLL circuit to control the phase of the
channel clock signal and the reproduction signal 1s obtained.
Thus, the locking control 1s made easier. After the locking by
the PLL circuit 1s stabilized, a stable channel clock signal can

be used in a second half of the area to allow the adaptive
equalization circuit to perform the accurate locking.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a physical structure of an optical disc 1
according to Embodiment 1.

FIG. 2 shows a recording format of the optical disc 1
according to Embodiment 1.

FIG. 3 1s a block diagram showing a structure of an optical
disc apparatus 250 according to Embodiment 2.

FIG. 4 1s a timing diagram showing a recording operation
of the optical disc apparatus 2350.

FIG. 5 1s a timing diagram showing a reproduction opera-
tion of the optical disc apparatus 250.

FIG. 6 shows a recording format of an optical disc accord-
ing to Embodiment 3.

FIG. 7 1s a block diagram showing a structure of an optical
disc apparatus 6350 according to Embodiment 4.

FIG. 8 1s a timing diagram showing a reproduction opera-
tion of the optical disc apparatus 650.

FIG. 9 shows a recording format of an optical disc accord-
ing to Embodiment 5.

FIG. 10 shows a bit pattern combination having a length of
20T,

FIG. 11 shows a bit pattern combination having a length of
22 T.

FIG. 12 shows a bit pattern combination having a length of
30T,

FIG. 13 shows a bit pattern combination having a length of
30T,

FIG. 14(A) shows an example of a BD having a conven-
tional recording density, and FIG. 14(B) shows an example of
a disc having a higher density than that of the BD.

FIG. 135 shows a format of a block 153 of a BD.

FIG. 16 shows patterns of a run-out area and a guard area of
the block 153 1n detail.

FIG. 17 shows an example of a conventional recording
format.

FIG. 18 shows the relationship between the optical resolv-
ing power of a BD and the shortest bit length 2 T.
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FIG. 19 shows a structure of a conventional optical disc
apparatus 1100.

FIG. 20 shows an 1deal signal amplitude of each of signal
wavetorms of 2 T through 9 T and synchronization sampling
points by anideal reproduction clock signal, where the optical
transter function (OTF) 1s as shown 1n FIG. 18.

FIG. 21 shows an 1deal signal waveform of a data signal of
a repeat umt of 2 T mark/2 T space/3 T mark/3 T space/6 T
mark/6 T space and synchronization sampling points by an
ideal reproduction clock signal.

FI1G. 22 shows an example 1n which the spatial frequency
of 2T 1s higher than the OTF cutolif frequency and the ampli-
tude of the reproduction signal of 2 T 1s O.

FI1G. 23 shows an 1deal signal amplitude of each of signal
wavetorms of 2 T through 9 T and synchronization sampling,
points by an 1deal reproduction clock signal, where the optical
transter function (OTF) 1s as shown 1n FIG. 22.

FI1G. 24 shows an 1deal signal wavetorm of a data signal of
a repeat umt of 2 T mark/2 T space/3 T mark/3 T space/6 T
mark/6 T space and synchronization sampling points by an
ideal reproduction clock signal.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

Hereinafter, embodiments of an optical disc and an optical
disc apparatus according to the present invention will be

described.

Embodiment 1

FIG. 1 shows a physical structure of an optical disc 1
according to this embodiment. On a Discus-Shaped Optical
disc 1, a great number of tracks 2 are formed 1n a spiral, for
example. On each track 2, a great number of tiny sectors are
formed. As described later, data 1s recorded on each track 2 in
units of blocks 3 having a predetermined size.

FIG. 2 shows a recording format of the optical disc 1
according to this embodiment.

Data 1s recorded on the track 2 1n units of blocks 3 obtained
by performing error correction coding processing at every
prescribed data amount. The track 2 1s assigned block
addresses on a block-by-block basis.

Each block 3 includes a run-1n area 101 used for synchro-
nization detection during reproduction provided at the start
and a data area 102 including recording data. The data area
102 15 divided into a plurality of sectors 103, and each sector
103 1s further divided into a plurality of frames 104. At the
start of each frame 104, a frame synchronization pattern 105
1s located. After the frame synchronization pattern 103, a bit
pattern obtained by modulating the data to be recorded in
accordance with a prescribed modulation rule 1s recorded. A
bit pattern 1s represented as a combination of bit lengths of 2
T through 8 T.

The frame synchronization pattern 1035 includes a pre-
scribed bit pattern (3 T/9 1/9 T) and a synchronization IID
pattern 106 having a prescribed length. For making the frame
synchronization pattern 105 identifiable, 9 T, which 1s not
included 1n the bit pattern obtained by modulating the record-
ing data, 1s used. 3 'T/9 T/9 T 1s detected and the synchroni-
zation ID pattern 106 after 3 T/9 T/9 T 1s determined, and thus
the frame number of the frame which 1s being reproduced can
be specified.

The run-1n area 101 1s divided into three zones (bit pat-
terns) 107 of a prescribed bit length. Between two adjacent
zones, run-in synchronization pattern 0 or run-in synchroni-
zation pattern 1 1s mserted.
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The three zones 107 each include a plurality of 2 T/2 T/3
1/3T/6 T/6 T patterns. Namely, this unit pattern 1s repeated.

The unit pattern includes “2 17", Therefore, when an optical
disc apparatus reproduces this repeat pattern, the following
occurs. Where the spatial frequency of 2 T 1s lower than the
OTF cutotil frequency (FI1G. 18), a signal wavelorm as shown
in F1G. 21 1s obtained; whereas where the spatial frequency of
2 T 1s higher than the OTF cutoil frequency (FIG. 22), a
wavetorm as shown in FIG. 24 1n which the amplitude o 2 T
1s zero 1s obtained.

As 1s clear from the above description, the bit length of the
shortest bit pattern of the optical disc 1 according to this
embodiment may be the same as that of the conventional
optical disc or shorter than that of the conventional optical
disc. In the case where the bit length of the shortest bit pattern
ol a recording mark of an optical disc 1s set to be shorter than
that of the conventional optical disc, the recording capacity of
such a disc per information recording layer 1s expanded as
compared with that of the conventional disc.

When bit synchronization 1s detected using the border
position of the recorded mark and space 1n order to reproduce
the optical disc 1, 11 the amplitude o1 2 T 1s zero, the following
occurs. The position of a border relating to 2 'T cannot be used
to detect the bit synchronization, and so information required
to detect the bit synchronization 1s isuificient. If the bit
synchronization cannot be accurately detected 1n a run-in
area, the frame synchronization pattern of frame 0 at the start
of the data area cannot be detected. As a result, data 1n the first
one frame or the first two frames 1s erroneous.

In order to avoid this, 1n this embodiment shown 1n FI1G. 2,
three zones 107 are provided in the run-in area 101; and
further run-1n synchronization pattern 0 1s provided between
the first zone and the second zone, and run-1n synchromzation
pattern 1 1s provided between the second zone and the third
zone. The run-1n synchronization patterns are provided 1n this
manner in order to ensure that the run-1n area 101 1s detect-
able. In this embodiment, a plurality of relatively long bit
patterns are provided as run-in synchronization pattern 0 and
run-in synchronization pattern 1. Thus, the optical disc appa-
ratus 1s unlikely to make an 1ncorrect detection.

Since the run-in synchronization pattern 0 1s provided
between the first and second zones and run-in synchroniza-
tion pattern 1 1s provided between the second and third zones,
the optical disc apparatus can specily, with certainty, data at
which position 1s currently being read. Thus, an incorrect
detection can be prevented with higher certainty.

Now, a run-in synchronization pattern will be described 1n
more detail.

In this embodiment, run-in synchronization pattern 0 1s a

bit pattern of 13 T/13 T/11 T1/11 T/6 T/6 T, and run-in syn-
chronization pattern 1 1s a bit patternof 13 T/11°1/11 T/13°T1/6
1/6T, 13 T and 11 T, which have longer bit lengths than those
used 1n the frame synchronization pattern in the data area, are
used, and there 1s a bit length difference of 2 T 1n these run-in
synchronization patterns. Owing to this, even 1f the bit syn-
chronization frequency i1s shifted at a certain point, pattern
detection and bit synchronization position detection can be
accurately performed.

The run-1n synchronization patterns are largely different
from the repeat pattern and are inserted at prescribed posi-
tions. Therefore, the run-in synchronization patterns can be
detected out of the run-in bit patterns. The start position of
frame 0 can be easily estimated from the data which 1s being
reproduced from the run-in area instead of the data area. In
addition, there are two run-in synchronization patterns.
Therefore, even 1f run-in synchronization pattern 0 1s unde-
tectable, as long as run-in synchronization pattern 1 1s detect-
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able, the start position of frame 0 can be estimated. Using both
of the run-1n synchronization patterns, the probability of the
start position of frame 0 being accurately estimated can be
turther improved.

In the above-described embodiment, an example of the
structure of the recording format and an example of the bit
pattern 1n the run-in area are provided. The present invention
1s not limited to these.

Embodiment 2

FIG. 3 1s a block diagram showing a structure of an optical
disc apparatus 250 according to this embodiment.

The optical disc apparatus 250 shown 1n FIG. 3 1s capable
of both reproducing data from an optical disc 200 and record-
ing data to the optical disc 200. This 1s merely an example,
and the optical disc apparatus 250 only needs to be capable of
performing at least one of data reproduction and data record-
ing.

The optical disc apparatus 250 includes an optical head
201, amotor 202, a servo circuit 203, an address reproducing
circuit 204, a CPU 2035, a run-1n generation circuit 206, a data
modulation circuit 207, a recording control circuit 208, a data
signal extraction circuit 209, a reproduction clock generation
PLL circuit 210, an adaptive equalization circuit 211, a data
demodulation circuit 212, and a run-in synchronization
detection circuit 213.

The servo circuit 203, the address reproducing circuit 204,
the CPU 203, the run-in generation circuit 206, the data
modulation circuit 207, the recording control circuit 208, the
data signal extraction circuit 209, the reproduction clock gen-
eration PLL circuit 210, the adaptive equalization circuit 211,
the data demodulation circuit 212, and the run-1n synchroni-
zation detection circuit 213 are mounted as a one-chip circuit
(optical disc controller) 240. It 1s not necessary that all these
clements are incorporated into one chip. For example, the
servo circuit 230 does not need to be incorporated. The
address reproducing circuit 204 may be incorporated mto the
optical head 201. Alternatively, these elements may be pro-
vided as separate circuits istead of being incorporated nto
one chip.

The optical disc 200 has a track on which data 1s record-
able, and data 1s recorded on the track 1n accordance with the
recording format described above in Embodiment 1 of the
present invention. The optical disc 200 1s dismountable from
the optical disc apparatus 250, and 1s not an element of the
optical disc apparatus 250.

The optical disc 201 irradiates the optical disc 200 with a
light beam, detects an amount of light reflected from the
optical disc 200 while scanming the track, and outputs an
clectric signal.

The motor 202 rotates the optical disc 200 at a specified
rotation rate.

The servo circuit 203 extracts, from the electric signal, a
servo error signal in accordance with the light collection state
of the light beam on the track, and performs control using the
servo error signal such that the light collection state of the
light beam from the optical head 201 on the track and the
scanning state of the track are optimal. The servo circuit 203
also controls the radial position on the optical disc 200 to be
irradiated with the light beam and the rotation rate of the
motor 202 to be optimal.

The address reproducing circuit 204 extracts, from the
clectric signal, an address signal including address informa-
tion pre-recorded on the track of the optical disc 200, repro-

10

15

20

25

30

35

40

45

50

55

60

65

18

duces the address information from the address signal, and
also detects a synchronization position to the block on the
track of the optical disc 200.

The CPU 205 perform a search to find a block to/from
which data 1s to be recorded/reproduced while obtaining the
address information from the address reproducing circuit
204, and 1ssues an 1nstruction on a recording operation or a
reproduction operation. The data 1s recorded on the optical
disc 200 by the run-1n generation circuit 206, the data modu-
lation circuit 207, and the recording control circuit 208. The
data 1s reproduced by the data signal extraction circuit 209,
the reproduction clock generation PLL circuit 210, the adap-
tive equalization circuit 211, the data demodulation circuit
212, and the run-in synchromization detection circuit 213.

Now, a recording operation of the optical disc apparatus
250 will be described. FIG. 4 1s a timing diagram showing the
recording operation of the optical disc apparatus 250.

The run-in generation circuit 206 generates a run-in area
bit pattern to be recorded in the run-in area. The run-1in area bit
pattern 1s the bit pattern shown 1n the run-in area 101 1n FIG.
2 described above in Embodiment 1. The bit pattern 1s output
to the recording control circuit 208 1n a zone of the run-in area
based on the block synchronization position detected by the
address reproducing circuit 204.

As a preparation for the recording data, the data modula-
tion circuit 207 generates error correcting code (ECC) data
obtained by performing prescribed error correction coding
processing on the recording data. During execution of the
recording, the data modulation circuit 207 sequentially
modulates the ECC data in accordance with a prescribed
modulation rule. For performing the modulation, the data
modulation circuit 207 1nserts a frame synchronization pat-
tern to each frame. The generated data area bit pattern 1s
output to the recording control circuit 208 1n a zone of the data
area based on the block synchronization position detected by
the address reproducing circuit 204.

Upon receving an instruction to perform on recording
from the CPU 2035, the recording control circuit 208 selects,
as arecording signal, the run-in area bit pattern obtained from
the run-1n generation circuit 206 1n the run-1n area of the block
having a specified address, and selects, as a recording signal,
the data area bit pattern obtained from the data modulation
circuit 207 1n the data area of such a block. The recording
control circuit 208 controls the intensity of the light beam to
be output from the optical head 201 based on the recording
signal, and thus records the bit pattern to a prescribed block of
the optical disc 200.

Now, a reproduction operation of the optical disc apparatus
250 will be described. FI1G. 5 1s a timing diagram showing the
reproduction operation of the optical disc apparatus 250.

The data signal extraction circuit 209 extracts a data signal
(“reproduction signal” 1n the figure) in accordance with the
marks and spaces recorded on the track of the optical disc 200,
from the electric signal detected by the optical head 201.

The reproduction clock generation PLL circuit 210 gener-
ates a reproduction clock signal phase-synchromized to the
data signal. As shown in “PLL control” of FIG. 5, the repro-
duction clock generation PLL circuit 210 1s 1n a hold state 1n
an unrecorded zone 1n which no data 1s recorded.

When the reproduction signal goes into a state 1n which the
reproduction signal includes information on the run-in area of
the block 1n which data 1s recorded, the “PLL control” 1s put
into a state of performing a locking operation. First, using the
repeat pattern of the run-in bit pattern, frequency locking 1s
performed as shown in “reproduction signal frequency” of
FIG. 5. When the frequencies substantially match each other,
phase locking 1s performed so as to synchronize the phases.
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The phase locking 1s completed by a position immediately
before the data area. After this, the phase locked state 1s
maintained 1n the data area.

When the recording density of the optical disc 200 1s such
that the spatial frequency of 2 T 1s lower than the OTF cutoif
frequency as shown 1n FIG. 18, the positions of all the mark/
space borders are obtained in the data signal 1n the run-1n area
as shown 1n FIG. 21. Therefore, a suilicient control gain 1s
obtained by the reproduction clock generation PLL circuit
210. Owing to this, as shown as a change of “reproduction
clock frequency” of FI1G. §, the locking capability 1s high and
both the frequency locking and the phase locking can be
completed at an early stage of the run-in area. Thus, a suili-
cient extra time can be obtained before the timing of the start
position of the data area.

By contrast, when the recording density of the optical disc
200 1s such that the spatial frequency of 2 T 1s higher than the
OTF cutolif frequency as shown 1n FIG. 22, the positions of
the mark/space borders relating to 2 T are not obtained in the
data signal in the run-in area as shown 1n FIG. 24. Therelore,
the control gain of the reproduction clock generation PLL
circuit 210 1s imnsuificient. The signal waveform is likely to be
distorted due to inter-code interference. Theretfore, the gain
needs to be still lower 1n order to stabilize the reproduction
clock generation PLL circuit 210. As a result, as shown as a
change of “reproduction clock frequency” of FIG. §, the
locking capability 1s low and the frequency lockmg and the
phase locking both require a long time. Thus, 1t 1s difficult to
obtain a suificient extra time before the timing of the start
position of the data area.

In this embodiment, the above problems are solved by use
of the adaptive equalization circuit 211. The adaptive equal-
ization circuit 211 performs three types of processing, 1.e.,
equalization filtering processing, adaptive control processing
of a filter coellicient of the equalization filtering circuit, and
Viterb1 decoding processing of binarizing an output from the
equalization filtering circuit. These types of processing may
be implemented as software processing or as circuits per-
forming the respective processing. In the following, these
types of processing 1s each implemented as a respective cir-
cuit.

When the spatial frequency of 2 T 1s lower than the OTF
cutoil frequency (FIG. 18), the target of the output signal
from the equalization filtering circuit 1s that the signal ampli-
tude of each of 2 T through 9 T and the sampling points by the
reproduction clock signal realize the state of the waveform
diagram shown 1n FIG. 20. The adaptive control circuit con-
trols the filter coellicient such that the amplitude and the
phase of the output signal from the equalization filtering
circuit are close to the target levels. The Viterb1 decoding
circuit compares the output signal from the equalization {il-
tering circuit and the target wavetorm shown 1n FIG. 20 to
perform maximum likelihood decoding and outputs the result
as a binary signal binarized into a mark and a space.

When the frequency of the data signal and the frequency of
the reproduction clock signal are largely dispersed, an error of
the amplitude and the phase with respect to the target levels
cannot be accurately found. Therefore, as shown 1n “adaptive
equalization control” of FIG. 5, the operation of the adaptive
control circuit 1s on hold until a prescribed timing at which the
locking operation by the reproduction clock generation PLL
circuit 210 1s estimated to be completed. At the prescribed
timing, the adaptive control circuit 1s released from the held
state and starts the locking for adaptive equalization control.
The adaptive control circuit operates so as to complete the
locking 1n the vicinity of the start of the data area and then
maintain the locked state.
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By contrast, when the recording density of the optical disc
200 1s higher and so the spatial frequency of 2 T 1s higher than
the OTF cutoil frequency (FIG. 22), the locking capablhty of
the reproduction clock generation PLL circuit 210 1s low.
Theretfore, an error 1s likely to occur also 1n the control per-
formed by the adaptive equalization circuit and the locking
operation 1s not stable. Accordingly, until the adaptive control
circuit completes the locking 1n a suilicient state, the binary
signal output from the Viterb1 decoding circuit also includes
many errors.

When the recording density 1s increased as described
above, the following occurs 1n a worst case. Since the locking
performed by the reproduction clock generation PLL circuit
210 and the locking performed by the adaptive equalization
circuit 211 are not completed within the run-in area, the frame
synchronization pattern of frame 0 cannot be detected. As a
result, all the data in frames 1 and 2 or the like 1s erroneous.

In order to avoid this, the run-1n synchromzation detection
circuit 213 detects run-in synchronization pattern 0 and run-
in synchronization pattern 1 shown 1n FIG. 2, and outputs a
run-in synchronization pattern detection signal. The run-in
synchronization pattern i1s detected depending onthe 13T and
11 T part. When the length ratio 1s 3:13:11:11, the run-in
synchronization pattern 1s detected as run-in synchronization
pattern 0. When length ratio 1s 13:11:11:13, the run-in syn-
chronization pattern 1s detected as run-in synchronization
pattern 1. The run-in synchronization pattern 0 and run-in
synchronization pattern 1 are clearly different from the repeat
pattern located therebefore and thereafter, and are bit patterns
corresponding to a sufficiently lower spatial frequency than
the OTF cutolf frequency and so are unlikely to be influenced
by the inter-code interference. Even when the locked states
realized by the reproduction clock generation PLL circuit 210
and the adaptive equalization circuit 211 are msuilicient as
described above, these run-in synchronization patterns are
casily detectable. The run-in synchromization patterns each
have a length of 60 T. The last 6 T part 1s immediately
followed by 2 T of the repeat pattern and so 1s likely to be
influenced by the wavetorm distortion. Even with this 6 T part
being excluded, the run-in synchronization patterns have a
length of 54 T, which 1s sutficient to detect a frequency error
of about 1.85% or higher and thus to correct the error of the
reproduction clock generation PLL circuit 210.

The data demodulation circuit 212 detects the frame syn-
chronization pattern from the binary signal which 1s output
from the adaptive equalization circuit 211 to operate a frame
synchronization demodulation counter which has been
frame-synchronized, and demodulates the binary signal 1n
accordance with a prescribed modulation rule at the timing
provided by the frame synchronization demodulation
counter. Then, the data demodulation circuit 212 performs
prescribed error correction processing on the obtained one
block of demodulated data to correct the error thereot, and
outputs the obtained data as reproduction data.

If the locked states realized by the reproduction clock
generation PLL circuit 210 and the adaptive equalization
circuit 211 are insuificient and so the frame synchronization
pattern of frame 0 1s undetected by the data demodulation
circuit 212, the frame synchronization demodulation counter
1s not preset to a correct timing. Therefore, until the data
demodulation circuit 212 detects the frame synchronization
pattern of frame 1 or frame 2 and presets the frame synchro-
nization demodulation counter to a correct timing, all the
demodulated data 1s erroneous. In order to avoid this, the
run-in synchronization pattern detection signal 1s used to
preset the frame synchronmization demodulation counter at the
detection timing of run-in synchronization pattern 0 and run-
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in synchronization pattern 1 in the run-in area. Owing to this,
even 1f the frame synchronmization pattern of frame 0 1s unde-
tected, the demodulation processing 1s performed at a correct
timing because the frame synchronization demodulation
counter has already been preset to a correct timing by the
run-in synchronization pattern. Therefore, the demodulated
data can be prevented from being erroneous continuously.

In the above-described embodiment, the optical disc appa-
ratus 250 compatible to the above-described examples of the
structure of the recording format and the bit pattern in the
run-in area 1s provided. The present invention 1s not limited to
this.

In the above-described embodiment, an example of the
target equalization level for the adaptive equalization circuit
are provided. The present invention 1s not to this.

Embodiment 3

FIG. 6 shows a recording format of an optical disc accord-
ing to this embodiment. The format shown 1n this figure 1s
different from the format shown in FIG. 2 in a run-in area 501
included 1n the block 3. The data area 102 shown in FIG. 6 1s
the same as the data shown 1n FIG. 2, and so will not be
described. The external structure of the optical disc 1n this
embodiment is the same as the optical disc 1 shown 1n FIG. 1
according to Embodiment 1.

In addition, the optical disc according to this embodiment
1s structured such that the spatial frequency of the shortest bit
length 2 T 1s 1.12 times of the OTF cutoil frequency as shown
in FIG. 22.

The run-1n area 501 1s divided into two areas 507 and 508.
The bit pattern 1n a first area 307 1s repeat pattern A shown 1n
FIG. 6, and the bit pattern 1n a second area 508 1s repeat
pattern B shown 1n FIG. 6.

Pattern A 1n the first area includes a repetition ot 4 T/4'1/5
1/5 T. Neither 2 T, corresponding to a frequency exceeding
the OTF cutoll frequency, nor 3 T, corresponding to a spatial
frequency close to the OTF cutoil frequency and a small
amplitude, 1s used. A long bit length, which reduces a mark/
space border area acting as control information for the repro-
duction clock generation PLL circuit of an optical disc appa-
ratus, 1s not used. Owing to these, the control performed by
the reproduction clock generation PLL circuit 1s made easier.
An operation of the optical disc apparatus will be described in

detail in Embodiment 4.

Repeat pattern B 1n the second area includes a repetition of
3T/AT/ST/6T/TT/TT/I6T/5T/ATRAT/TT/AT/TT/TT/AT/T

1/6 1T/3 T/6 T/6 T/3 1/6 1. Like 1n repeat pattern A, 2 T,
corresponding to a spatial frequency exceeding the OTF cut-
off frequency, 1s not used. In a first half of this repeat unit, bit
lengths close to each other are combined; whereas 1n a second
half of this repeat unit, long bit lengths and short bit lengths
are combined.

For example, where 3 T, 4 T, etc. 1s referred to as one
pattern, 1n a part from the first until the tenth patterns (first
half), combinations of bit lengths which are different by 1 T or
smaller are provided. In a part from the eleventh pattern until
the end (second half), combinations of bit lengths which are
different by 2 T or larger are provided. From the eleventh
pattern to the end, the difference does not always need to be 2
T or greater. As shownmn FIG. 6, 7T and 7 T,or 6 T and 6 T,
may be adjacent to each other, or 7'T and 6 T may be adjacent
to each other.

More generally, where n 1s a natural number, repeat pattern
B may be determined so as to include a combination of bit
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[

patterns having a bit length difference of nT or smaller and a
combination of bit patterns having a bit length difference of

(n+1) or larger.

The above-mentioned definition of “first half”” and “second
half” 1s one example. More generally, the “first half” means a
part of a predefined length (prescribed length) from the start
of the run-1n bit pattern, and the “second half” means a part
from a position immediately after the prescribed length
counted from the start of the run-in bit pattern until the end of
the run-1n bit pattern.

Combinations of marks and spaces in which inter-code
interference may occur are roughly classified into a combi-
nation of a mark and a space having bit lengths close to each
other, a combination of long bit length spaces (or marks) and
a short bit length mark (or space) sandwiched therebetween,
and a combination involving 2 T which causes the amplitude
of the signal waveform to be zero (FIG. 23). In the locking
stage for adaptive equalization of the optical disc apparatus, a
wavelorm involving 2 T having an undetectable amplitude 1s
likely to be misrecognized and reduces the stability of lock-
ing. The stability can be improved by performing the locking
on the other two combinations 1n which 1nter-code 1nterfer-
ence may occur and then performing adaptive equalization on
all the combinations including the one mvolving 2 T.

Pattern A having a combination of bit lengths close to each
other 1s adopted 1n the first half of the repeat unit, so that the
adaptive equalization circuit of the optical disc apparatus can
perform the locking for adaptive equalization control on the
inter-code interference state of pattern A. By contrast, pattern
B having a combination of bit lengths far from each other 1s
adopted in the second half of the repeat unit, so that the optical
disc apparatus can perform the locking for adaptive equaliza-
tion control on the inter-code interference state of pattern B.
In this manner, 1 the zone having pattern B, appropriate
adaptive equalization can be performed against the inter-code
interference on the bit length combinations excluding the
combination involving 2 T, corresponding to a spatial fre-
quency exceeding the OTF cutoll frequency.

Owing to the above-described run-bit patterns, the repro-
duction clock generation PLL circuit first performs a locking
operation using repeat pattern A, and then the adaptive equal-
ization circuit performs a locking operation for adaptive
equalization using repeat pattern B. After both of the locking
operations are completed, the reproduction operation from
the data area can be performed. The adaptive equalization on
the wavetorm involving 2 T 1s not performed. Nonetheless,
this does not cause a reproduction error because the adaptive
equalization has been appropriately performed on the wave-
forms except for the wavetorm mvolving 2 T. In addition, 1n
the data area, the adaptive equalization control has been per-
formed on the wavetorms involving 2 T. Therefore, the repro-
duction capability can be further stabilized.

In the above-described embodiment, an example of the
structure of the recording format and examples of the bit
pattern 1n the run-1n area are provided. The present invention
1s not limited to these.

Embodiment 4

FIG. 7 1s a block diagram showing a structure of an optical
disc apparatus 6350 according to this embodiment.

The optical disc apparatus 6350 shown 1n FIG. 7 1s capable
ol both reproducing data from an optical disc 600 and record-
ing data to the optical disc 600. This 1s merely an example,
and the optical disc apparatus 650 only needs to be capable of
performing at least one of data reproduction and data record-
ing.
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The optical disc apparatus 630 includes an optical head
601, a motor 602, and an optical disc controller 640. The
optical disc controller 640 includes a servo circuit 603, an
address reproducing circuit 604, a CPU 603, a run-1n genera-
tion circuit 606, a data modulation circuit 607, a recording,
control circuit 608, a data signal extraction circuit 609, a
reproduction clock generation PLL circuit 610, an adaptive
equalization circuit 611, and a data demodulation circuit 612.

The optical disc 600 has a track on which data 1s record-
able, and data 1s recorded on the track in accordance with the
recording format described in Embodiment 3. As in Embodi-
ment 3, the spatial frequency of 2 T 1s hugher than the OTF
cutoll frequency and 1s 1.12 times thereof.

The elements of the optical disc apparatus 650 in FIG. 7
which are 1dentical with those in Embodiment 2 or Embodi-
ment will not be described. The elements other than the ele-
ments described below have the same functions as those of the
clements with the same names shown 1n FIG. 3.

First, processing performed by the run-in generation cir-
cuit 606 relating to the data recording operation to the optical
disc 600 will be described.

The run-1n generation circuit 606 generates a run-in area

bit pattern to be recorded 1n the run-in area 501 (FIG. 6). The
run-in area bit pattern 1s the bit pattern shown in the run-in
area 301 1n FIG. 6 described above in Embodiment 3. The bat
pattern 1s output to the recording control circuit 608 1n a zone
ol the run-in area based on the block synchronization position
detected by the address reproducing circuit 604. The record-
ing control circuit 608 controls the intensity of the light beam
to be output from the optical head 601 such that the run-in bit
pattern 1s recorded 1n the run-1n area.

Now, an operation of each of the reproduction clock gen-
eration PLL circuit 610 and the adaptive equalization circuit
611 relating to the reproduction operation from the optical
disc 600 will be described.

FI1G. 8 1s a timing diagram showing the reproduction opera-
tion of the optical disc apparatus 6350.

The address reproducing circuit 604 instructs the reproduc-
tion clock generation PLL circuit 610 to perform a locking,
operation at a high gain in the zone of the run-i1n area 1n which
repeat pattern A 1s recorded based on the detected block
synchronization position, and to maintain the phase-locked
state at a low gain after the locking operation 1s finished.

In accordance with the nstruction from the address repro-
ducing circuit 604, the reproduction clock generation PLL
circuit 610 operates so as to perform a locking operation at a
high gain 1n the zone of repeat pattern A, and so as to maintain
the phase-locked state at a low gain thereatter. Repeat pattern
A 15 a simple repeat pattern of 4 T/4 '1/5 T/5 'T. Theretore, in
the zone of repeat pattern A, the comparison of frequencies 1s
relatively easy, and a stable locking operation can be per-
tformed within a short time by using a high gain.

From “PLL control” of FIG. 8, 1t 1s understood that the
locked state 1s maintained 1n the zone 1n which repeat pattern
A 1s recorded and that the phase-locked state 1s maintained in
the zone 1n which repeat pattern B 1s recorded.

In accordance with the mnstruction from the address repro-
ducing circuit 604, the adaptive equalization circuit 611
1ssues an nstruction to hold the operation in the zone 1n which
repeat pattern A 1s recorded (during the locking operation of
the reproduction clock generation PLL circuit 610), 1ssues an
instruction to perform the locking operation at a high gain 1n
the zone 1n which repeat pattern B 1s recorded, and 1ssues an
instruction to maintain the locked state of the adaptive equal-
1zation control at a low gain thereatfter (“adaptive equalization

control”) of FIG. 8.
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Repeat pattern B does not include 2 T, which causes the
locking to be unstable. Therefore, the locking operation can

be performed at a high gain with no problem, and stable
locking can be realized within a short time.

By the combination pattern of the first half of the repeat
unit of repeat pattern B, the adaptive equalization control 1s
performed so as to correct the distortion of a signal waveform
caused by the influence of inter-code interference between bit
lengths close to each other. By the combination pattern of the
second half of the repeat unit, the adaptive equalization con-
trol 1s performed so as to also correct the distortion of a signal
wavelorm caused by the influence of 1nter-code interference
between bit lengths far from each other. In this manner, the
locking for adaptive equalization 1s performed, in the zone of
repeat pattern B, against the influence of the inter-code inter-
terences other than the inter-code interference relating to 2 T.
Thus, a capability of correctly binarizing a data signal can be
obtained. In the data area, control 1s performed to maintain the
stable state at a low gain while appropriately performing
adaptive equalization also against the influence of the inter-
code interference relating to 2 T.

According to the above-described processing, as shown 1n
“frame synchronization pattern detection” of FIG. 8, the
frame 0 synchronization pattern at the start of the data area
can be stably detected. As a result, as shown 1n “frame syn-
chronization demodulation counter” of FIG. 8, the frame
synchronization demodulation counter 1n the data demodula-
tion circuit 612 can be operated at a correct timing and thus
the data demodulation error can be suppressed to be mini-
mum.

In the above-described embodiment, examples of the struc-
ture of the recording format and examples of the bit pattern in
the run-in area are provided. The present invention 1s not
limited to these.

Embodiment 5

FIG. 9 shows a recording format of an optical disc accord-
ing to this embodiment. The data structure of this optical disc
1s stmilar to the data structure shown 1n FIG. 6.

Data 1s recorded 1n units of blocks obtained by performing,
error correction coding processing at every prescribed data
amount.

A block includes a run-in area used for synchronization
detection during reproduction provided at the start thereof
and a data area including the recording data. The data area 1s
divided into a plurality of sectors, and each sector 1s further
divided into a plurality of frames. At the start of each frame,
a frame synchronization pattern including a prescribed bit
pattern and a synchronization ID pattern unique to the respec-
tive frame 1s located. After the frame synchronization pattern,
a bit pattern obtained by modulating the recording data 1n
accordance with a prescribed modulation rule 1s recorded and
1s represented by a combination of 2 T through 8 T.

The optical disc according to this embodiment 1s structured
such that the spatial frequency of the shortest bit length 2 T 1s
1.12 times of the OTF cutoll frequency as shown 1n FIG. 22.

The frame synchronization pattern includes 3 1/9 T/9 T
and a synchronization ID pattern having a prescribed length.
The frame synchronization pattern 1s distinguishable by using
9 T, which 1s not included 1n the bit pattern obtained by
modulating the recording data. 3'1/9 T/9 T 1s detected and the
synchronization ID pattern after 3 1/9 1T/9 T are determined,
and thus the frame number of the frame which 1s being repro-
duced can be determined.

The run-1n area has a length of 2640 T, and a prescribed bit
pattern 1s recorded therein.
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FI1G. 10, FIG. 11, FIG. 12 and FIG. 13 each show repeat bit
patterns for the run-in area. The run-in bit pattern in the

conventional optical disc 1s 2 T/2 T/3 T/3 T/6 T/6 T having a

total length o1 22 T as shown 1n FIG. 24, and this bit pattern 1s

recorded 120 times 1n repetition 1n the run-in area.
However, as shown in FIG. 22, when the spatial frequency

of the shortest bit length 2 T 1s higher than the OTF cutoif
frequency, the amplitude of the 2 T part 1s not obtained as
shown 1n FIG. 24 by the conventional run-in bit pattern. As a
result, the PLL or PRML control performed at the time of
reproduction 1s made unstable. Therefore, a bit pattern

including 2 T 1s not desirable.
The bit patterns shown 1n each of FIGS. 10 through 13 do

not mclude 2 T corresponding to a spatial frequency higher
than the OTF cutolff frequency and includes 3 T through 8 T
corresponding to a spatial frequency lower than the OTF
cutoil frequency. Owing to this, the PLL or PRML control
performed at the time of reproduction can be made stable with
certainty.

When a bit pattern including a 5 T or longer pattern, at
which the maximum amplitude of a reproduction signal 1s
obtained, 1s used as shown in FIG. 23, the reproduction signal
amplitude control can be appropriately performed at the time
of reproduction.

The bit pattern combinations shown 1 FIG. 11 have a
length of 22 T like the bit pattern of the conventional optical
disc. The bit pattern combinations shown 1n FIG. 10 have a
length of 20 T, which 1s a divisor of 2640 7T, 1.e., the length of
the run-1n area. The bit pattern combinations shown 1n FIG.
12 and FIG. 13 have a length of 30 T, which 1s also a divisor
of 2640 T. The lengths of the bit patterns are different but are
all divisors of the length of the run-in area. Therefore, the
length of one block including the data area i1s not changed and
thus the compatibility with the recording format of the con-
ventional optical disc can be easily obtained.

As shown 1n each of FIGS. 10 through 13, there are a
plurality of usable bit patterns. For reproducing recorded
data, reproduction signal amplitude control, PLL locking
control and adaptive equalization locking control each need
to be stably performed. For the amplitude control, 1t 1s pret-
crable that the maximum amplitude 1s obtained at a high
frequency. For the PLL locking control, 1t 1s preferable that
short mark/short space combinations appear at a high fre-
quency because the gain 1s obtained more easily when the
number of change points of the reproduction signal 1s larger.
For the adaptive equalization locking control, it 1s preferable
that the equalization levels shown 1n FIG. 23 are obtained at
a uniform frequency in order to appropnately converge the
equalized states. Especially 1n the case of a high recording
density at which the shortest mark/space corresponds to a
spatial frequency higher than the OTF cutoil frequency, the
adaptive equalization technology 1s indispensable. In order to
stably reproduce the recorded data, adaptive equalization
locking control 1s important. In order to fulfill the above
conditions at a good balance, a bit pattern, in which the
frequency of appearance of three sets of bit lengths, 1.e., 3 T,
4T through 5T, and 6 T through 8 T, 1s substantially uniform,
and the mark length and the space length are equal to make the
DC component zero, 1s desirable.

Especially, No. 30 T-30 and No. 30 T-36 respectively
shown 1n FIGS. 12 and 13 are effective bit patterns which
tulfill the above conditions well.

Namely, in the case of the bit pattern of No. 30 T-30, amark
and a space as long as 8 T are provided. Therefore, the ampli-
tude control can be performed stably and at high speed. In
addition, short marks/spaces and long marks/spaces are pro-
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vided substantially uniformly. Therefore, the PLL locking
and the adaptive equalization locking can be performed stably
and at high speed.

In the case of the bit pattern of No. 30 T-36, 5T, at which the
maximum amplitude i1s obtained, 1s included. Therefore, the
amplitude control can be performed at higher respondability.

According to these bit pattern, high-speed and stable
amplitude control, PLL locking and adaptive equalization
locking can be easily realized when the recording data at the
start ol a zone, immediately before which no data 1s recorded,
1s reproduced. For example, 1t 1s not necessary to record
dummy data for locking at the start of the recording data, and
so such a loss 1n the recording capacity can be avoided.

By the bit pattern of No. 30 T-36, the maximum amplitude
1s obtained at a high frequency. Therefore, the envelope of the
reproduction signal can be detected easily. It1s notincorrectly
determined whether data 1s recorded or not recorded in a
block of interest. This makes 1t possible to put the operation of
amplitude control, PLL locking and adaptive equalization
locking on hold 1n an unrecorded zone and to start the opera-
tions immediately at the start of the data-recorded zone. For
reproducing the recording data at the start of a zone, imme-
diately before which no data 1s recorded, a sutficient zone for
locking control can be obtained.

In the above-described embodiment, the bit patterns shown
in FIGS. 10 through 13 include bit lengths 1n the order from a
shorter length to a longer length. The order 1s not limited to
this, and may be diflerent.

In the above-described embodiment, the bit patterns hav-
ing a length of 20 T, 22 T or 30 T are provided. The present
invention 1s not limited to these. Substantially the same effect
1s provided as long as the bit pattern has a length which 1s a
divisor of the length of the run-1n area.

Embodiment 6

In this embodiment, an existing BD and an optical disc
having a higher recording density than that of the BD (here-
iafter, referred to as a “high density disc”) will be described.

FIG. 14(A) shows an example of a BD having a conven-
tional recording density. In this embodiment, the term “con-
ventional recording density” means 25 GB per information
recording layer.

In the BD, the laser light wavelength of an optical beam
123 1s 405 nm, the numerical aperture (NA) of an objective
lens 220 1s 0.85, and the length of a recording mark 121 which

1s shortest (2 T) among various lengths of marks 120 on the
track 2 1s 149 nm.

FIG. 14(B) shows an example of a high density disc. In the
high density disc, the recording density 1s assumed to be 33 .4
GB per information recording layer, namely, 1.336 times of
the conventional recording density.

Like in the case of the BD, 1n the high density disc, the laser
light wavelength of the optical beam 123 1s 405 nm and the
numerical aperture (NA) of the objective lens 22015 0.85. The
length of a recording mark 125 which 1s shortest (2 T) amon
various lengths of marks 124 onthe track21s 111.5 nm, which
1s shorter than the shortest recording mark 121 of the BD.
Owing to this, a higher recording density than that of the BD
1s realized.

Now, the OTF cutoil frequency of the BD and the high
density disc will be described.

Where the three parameters, 1.e., the laser light wavelength
A (405 nm=35 nm, 1.e., 400 through 410 nm), the numerical
aperture NA (0.85x£0.01, 1.e., 0.84 through 0.86), and the
length P of the shortest mark+the shortest space (in the case of
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1’7 modulation, P=2 T+2 T=4 T) are used, when the reference
T decreases to tulfill P<A/2NA, the OTF cutolif frequency is

exceeded.

Thereterence T corresponding to the OTF cutolf frequency
when NA=0.85 and A=405 1s:

1'=405/(2%0.85)/4=59.558 nm.

With the laser light wavelength and the numerical aperture
which are the same as those of the BD, the recording capacity
at which the spatial frequency of the shortest recording mark
exceeds the OTF cutoil frequency 1s about 31 GB. The
recording capacity of the BD 1s smaller than this value, and so
the OTF cutoll frequency is not exceeded. By contrast, the
recording capacity ol the high density disc shown i FIG.
14(B) exceeds this value, and so the OTF cutotl frequency 1s
exceeded. Thus, 1t 1s understood that the data structure of the
run-in area according to the present invention described so far
1s very useful for the high density disc.

FI1G. 15 shows a format of a block 153 of the BD.

The block of the BD includes a run-in area, a data area, a
run-out area and a guard area 1n this order.

The run-1n area 1s located immediately before the data area,
and a prescribed bit pattern 1s recorded therein. The run-in
area has a length of 2760 T.

In the BD, user data as a recording target 1s divided by in
units of 64 kB, and a modulation signal obtained by perform-
ing prescribed error correction coding processing and modu-
lation processing (1-7 modulation) on each divided unit 1s
generated. In the data area, marks corresponding to such a
modulation signal are recorded. The data area has a length of
058272 T.

The run-out area 1s located immediately after the data area,
and a prescribed bit pattern 1s recorded therein. The run-out
area has a length o1 1104 T.

The guard area 1s not added to any block in the middle of a
series of blocks which are being continuously recorded. The
guard area 1s located immediately after the run-out area of the
block located at the end of the recording, and a prescribed bit
pattern 1s recorded therein. The guard area has a length o1 540
T.

FI1G. 16 shows the patterns of the run-out area and the guard
area of the block 153 1n detail.

The run-out area includes an end SYNC area, an end 1ndi-
cator area, and a repeat pattern area.

In the end SYNC area, a 30 T-long SYNC pattern 1s
recorded like 1n the data area. The SYNC pattern has a length
of 30 T.

The end 1ndicator area indicates that the data area 1s termi-
nated. In the end indicator area, 9 T 1s recorded six times 1n
repetition, and the end indicator area has a length of 34 T.

In the repeat pattern area, the same repeat pattern as that in
the run-in area 1s recorded. The repeat pattern area has a
length of 1020 T.

The guard area includes a repeat pattern area and a power
control area.

In the repeat pattern area, the same repeat pattern as that in
the run-in area 1s recorded so as to be continued from the end
of the repeat pattern of the immediately previous run-out area.
The repeat pattern area has a length of about 220 T.

The power control area 1s usable for power control per-
formed at the time of termination of recording. The pattern to
be recorded in the power control 1s not specifically defined.
The power control area has a length of about 320 T.

As described above, the same repeat pattern as that in the
run-in area 1s recorded both 1n the run-out area and the guard
area. Accordingly, for example, where the repeat patterns of
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the run-1n area shown in FIG. 6 are adopted, the run-in area,
the run-out area and the guard area can be each 1dentified with
certainty.

In the above-described embodiments, the shortest bit
length 1s 2 T, and the spatial frequency o1 2 T exceeds the OTF
cutofl frequency because of an increase of the recording
density. The reproduced waveform and the like 1n such a case
are provided. The present invention 1s not limited to these.

In the above-described embodiments, an example in which
the spatial frequency of only 2 T exceeds the OTF cutoif
frequency 1s provided. The present invention 1s also effective
to an optical disc 1n which the spatial frequency of a plurality
of bit lengths including the shortest bit length exceeds the
OTF cutoll frequency. In such a case, a pattern including bit
lengths corresponding to a spatial frequency not exceeding
the OTF cutoll frequency may be used as the run-in bit pattern
used for the run-1n area.

In the above-described embodiments, a recordable optical
disc and an optical disc apparatus for such an optical disc are
explained as an example. Substantially the same efliects are
provided for a reproduction-only optical disc and an optical
disc apparatus for such an optical disc.

The elements of the optical disc apparatus according to the
present invention can be implemented as an LSI, which 1s an
integrated circuit. The elements of the optical disc apparatus
may be individually formed as a one-chip device, or a part or
the entirety thereof may be incorporated into a one-chip
device.

Here, the integrated circuit 1s referred to as an LSI. The
integrated circuit may be referred to as an IC, LSI, super LS,
or ultra LSI depending on the degree of integration.

The integrated circuit of the present invention 1s not limited
to an LSI, and may be implemented as a dedicated circuit or
a general purpose processor. An FPGA (Field Programmable
Gate Array) which 1s programmable after the production of an
L.SI or a reconfigurable processor 1n which the circuit cell
connection or setting in the LSI 1s reconfigurable may be
used.

When another circuit integration technology replacing the
LSI appears by the development of the semiconductor tech-
nologies or by derivation from the semiconductor technolo-
gies, such a technology may be used to integrate the func-
tional blocks. Application of biotechnology or the like 1s one
possibility.

Finally, a brief supplemental explanation will be given
regarding a BD (Blu-ray disc) as an example of optical disc
according to the present invention. The main optical constants
and physical formats of a Blu-ray disc are disclosed in “Blu-
ray Disc Dokuhon” (Blu-ray Handbook) published by Ohm-
sha, Ltd. or the white papers put on the web site of the Blu-ray
Association (http://www.blu-raydisc.com/).

For the BD, laser light having a wavelength of 405 nm
(where the tolerable error range 1s +£5 nm, 400 to 410 nm) and
an objective lens having NA=0.85 (where the tolerable error
range 1s £0.01, 0.84 to 0.86) are used. The track pitch 1s 0.32
um. The channel clock frequency 1s 66 MHz (66.000 Mbits/s)
at the BD standard transter rate (1x), 264 MHz (264.000
Mbits/s) at the BD4X transter rate, 396 MHz (396.000 Mbits/
s) at the BD6X transfer rate, and 528 MHz (528.000 Mbits/s)
at the BD8X transfer rate. The standard linear velocity (ret-
erence linear velocity, 1x) 1s 4.917 m/sec.

The thickness of a protective layer (cover layer) i1s
decreased as follows as the numerical aperture 1s increased
and so the focal distance 1s shortened. The thickness of the
protective layer 1s also decreased 1n order to suppress the
influence of a spot distortion caused by a tilt. In contrast to 0.6
mm 1n the case of a DVD, the thickness of the protective layer
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of a BD may be 10 to 200 um among the total thickness of the
medium of about 1.2 mm (more specifically, where the sub-
strate has a thickness of about 1.1 mm, a transparent protec-
tive layer having a thickness of about 0.1 mm 1s provided in a
single layer disc, and a protective layer having a thickness of
about 0.075 mm and a spacer layer having a thickness of
about 0.025 mm are provided 1n a two layer disc). In a disc
including three or more layers, the thickness of the protective
layer and/or the spacer layer 1s further decreased.

In order to protect such a thin protective layer against being,
damaged, a projection may be provided outside or inside a
clamp area. Especially where the projection 1s provided
inside the clamp area, the following advantages are provided
in addition to protecting the protective layer against being
damaged. Since the projection is close to the central hole of
the disc, the load on the rotation spindle (motor), which would
be otherwise caused due to the weight balance of the projec-
tion, can be alleviated, and the collision of the projection and
the optical head can be avoided because the optical head
accesses the information recording area outside the clamp
area.

Where the projection 1s provided inside the claim area, the
specific position of the projection may be as follows, for
example, 1n a disc having an outer diameter of 120 mm.
Where the central hole has a diameter of 15 mm and the clamp
area 1s provided 1n a region from a diameter of 23 mm to a
diameter of 33 mm, the projection 1s provided between the
central hole and the clamp area, namely, 1n a region from a
diameter of 15 mm to a diameter of 23 mm. In this case, the
projection may be provided at a position a certain distance
away from the central hole (for example, the projection may
be separated from the edge of the central hole by equal to or
more than 0.1 mm (or/and equal to or less than 0.125 mm)).
Alternatively, the projection may be provided at a position a
certain distance away from the clamp area (for example, the
projection may be separated from the mner end of the clamp
area by equal to or more than 0.1 mm (or/and equal to or less
than 0.2 mm)). Still alternatively, the projection may be pro-
vided at a position a certain distance away both from the edge
of the central hole and the inner end of the clamp area (spe-
cifically, the projection may be provided 1n a region from a
diameter of 17.5 mm to a diameter of 21.0 mm). The height of
the projection may be determined such that the protective
layer 1s unlikely to be damaged or the disc 1s easily raised 1n
terms of balance. If the projection i1s excessively high, another
problem may arise. Hence, for example, the height of the
projection may be equal to or less than 0.12 mm from the
clamp area.

The stacking structure of the layers may be as follows. In
the case of, for example, a one-sided disc used for information
reproduction and/or recording with laser light incident on the
side of the protective layer, where there are two or more
recording layers, there are a plurality of recording layers
between the substrate and the protective layer. The multi-
layer structure in such a case may be as follows, for example.
A reference layer (L0 layer) 1s provided at the position which
1s Tarthest from the light incidence surface and 1s away from
the light incidence surface by a prescribed distance. Other
layers (L1, L2, . . . Ln) are stacked on the reference layer
toward the light incidence surface while the distance from the
light incidence surface to the reference layer 1s kept the same
as the distance from the light incidence surface to the record-
ing layer in a single-layer disc (for example, about 0.1 mm).
By keeping the distance to the farthest layer the same regard-
less of the number of layers in this manner, the following
elfects are provided. The compatibility can be maintained
regarding the access to the reference layer. In addition,
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although the farthest layer 1s most influenced by the tilt, the
influence of the tilt on the farthest layer 1s prevented from
being increased as the number of layers increases. The reason
1s that the distance to the farthest layer 1s not increased even 1f
the number of layers increases.

Regarding the spot advancing direction/reproduction
direction, either the parallel path or the opposite path is
usable, for example. By the parallel path, the spot advancing
direction/reproduction direction is the same 1n all the layers,
namely, 1s Irom the mnermost end toward the outermost end
in all the layers, or from the outermost end toward the inner-
most end 1n all the layers. By the opposite path, where the spot
advancing direction/reproduction direction 1s from the mnner-
most end toward the outermost end in the reference layer
(L0), the spot advancing direction/reproduction direction 1s
from the outermost end toward the innermost end 1n L1 and 1s
from the mmnermost end toward the outermost end 1n L2.
Namely, the reproduction direction 1s from the innermost end
toward the outermost end 1n Lm (m 1s 0 or an even number)
and 1s from the outermost end toward the innermost end 1n
Lm+1 (or1s from the outermost end toward the innermost end
in Lm (m 1s 0 or an even number) and 1s from the innermost
end toward the outermost end 1n Lm+1). In this manner, the
reproduction direction may be opposite between adjacent
layers.

Now, the modulation system of the recording signal will be
briefly described. For recording data (original source data/
pre-modulation binary data) on a recording medium, the data
1s divided into parts of a prescribed size, and the data divided
into parts of the prescribed size 1s further divided into frames
of a prescribed length. For each frame, a prescribed sync.
code/synchronization code stream i1s inserted (frame sync.
area). The data divided into the frames 1s recorded as a data
code stream modulated 1n accordance with a prescribed
modulation rule matching the recording/reproduction signal
characteristic of the recording medium (frame data area).

The modulation rule may be, for example, an RLL (Run
Length Limited) coding system by which the mark length 1s
limited. The notation “RLL(d,k)” means that the number of
0’s appearing between 1 and 1 1s d at the minimum and k at the
maximum (d and k are natural numbers fulfilling d<k). For
example, when d=1 and k=7, where T 1s the reference cycle of
modulation, the length of the mark or space 1s 2 T at the
shortest and 8 T at the longest. Alternatively, the modulation
rule may be 1-7PP modulation, in which the following fea-
tures [1] and [2] are added to the RLL(1,7) modulation. “PP”
of 1-7PP 1s an abbreviation of Parity preserve/Prohibit
Repeated Minimum Transition Length. [1] “Parity preserve”
represented by the first “P” means that whether the number of
1’s ofthe pre-modulation source data bits 1s an odd number or
an even number (1.¢., Parity) matches whether the number of
1’s ofthe corresponding post-modulation bit pattern 1s an odd
number or an even number. [ 2] “Prohibit Repeated Minimum
Transition Length” represented by the second “P” means a
mechanism for limiting the number of times the shortest
marks and spaces are repeated on the post-modulation record-
ing wave (specifically, a mechanism for limiting the number
of times 2 T 1s repeated to 6).

Here, an area including the synchronization code stream
and the data code stream 1s referred to as a “frame area”, and
aunit including a plurality of (e.g., 31) frame areas 1s referred
to as an “‘address unit”. In an address unit, an inter-code
distance between a synchronization code stream included 1n
an arbitrary frame area of the address unit and a synchroni-
zation code stream 1ncluded in a frame area other than the
arbitrary frame area may be 2 or greater. The “inter-code
distance” means the number of bits which are different
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between two code streams. Owing to the arrangement in
which the inter-code distance 1s 2 or greater, even 1f a 1-bit
shift error occurs 1n one of the streams to be read due to an
influence of noise or the like during reproduction, such a
stream 1s not identified as the other stream by mistake. Alter-
natively, the inter-code distance between a synchromization
code stream 1ncluded 1n a frame area located at the start of the
address unit and a synchronization code stream 1ncluded 1n a
frame area located at a position other than the start of the
address unit may be 2 or greater. Owing to such an arrange-
ment, 1t 1s easily distinguished whether the synchromization
code stream 1s at the start or not, or whether the synchroniza-
tion code stream 1s at the junction of address units or not.

The term “inter-code distance” encompasses an inter-code
distance 1n an NRZ notation of the code stream 1n the case of
NRZ recording and also an inter-code distance in an NRZI
notation of the code stream 1n the case of NRZI recording.
Theretfore, 1n the case of recording performed by the RLL
modulation, “RLL” means that the number of continuous
high-level or low-level signals on the recording wave of NRZ1
1s limited and so means that the inter-code distance 1s 2 or
greater 1n the NRZI notation.

Now, the recording system will be described. By forming a
groove 1 a medium, groove parts and inter-groove parts
between groove parts are formed. There are various recording,
systems; namely, data may be recorded 1n the groove parts, 1n
the inter-groove parts, or both 1n the groove parts and the
inter-groove parts. A system of recording on a convex side as
seen from the light incidence surface, among the groove parts
and the inter-groove parts, 1s called “on-groove system”,
whereas a system of recording on a concave side as seen from
the light incidence surface 1s called “in-groove system”.
According to the present mvention, 1t 1s not specifically lim-
ited whether the on-groove system i1s used, the in-groove
system 1s used, or a system of permitting either one of the two
systems 15 used.

In the case of using the system of permitting either one of
the two systems, recording system 1dentification information
which indicates whether the on-groove system or the in-
groove system 1s used may be recorded on the medium, so that
the recording system of the medium, the on-groove system or
the 1n-groove system, can be easily identified. For a multi-
layer medium, recording system identification information
on each layer may be recorded. In such a case, recording
system 1dentification information on all the layers may be
recorded on a reference layer (the layer farthest from the light
incidence surface (LL0), the layer closest to the light incidence
surface, the layer to which the optical head 1s determined to
access first after the optical disc apparatus 1s started, etc.).
Alternatively, recording system 1dentification information on
cach layer may be recorded on the respective layer, or record-
ing system identification information on all the layers may be
recorded on each layer.

The areas in which the recording system identification
information can be recorded include a BCA (Burst Cutting
area), a disc mformation area (an area which 1s mner or/and
outer to the data recording area and mainly stores control
information; 1n the reproduction-only area, such an area may
have a track pitch larger than that of the data recording area),
a wobble (recorded in superimposition on the wobble), and
the like. The recording system 1dentification information may
be recorded in any one of these areas, a plurality of areas
among these areas, or all of these areas.

The wobble start direction may be opposite between the
on-groove system and the in-groove system. Namely, where
the wobble start direction 1n the on-groove system 1s from the
innermost end toward the outermost end of the disc, the
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wobble start direction in the 1n-groove system may be from
the outermost end of the disc (alternatively, where the wobble
start direction in the on-groove system is from the outermost
end of the disc, the wobble start direction 1n the in-groove
system may be from the innermost end of the disc). By setting
the wobble start direction to be opposite between the on-
groove system and the in-groove system in this manner, the
tracking polarity can be the same whichever system, the on-
groove system or the mn-groove system, may be used. The
reason 1s as follows. In the on-groove system, the recording 1s
made on the convex side as seen from the light incidence side,
whereas 1n the in-groove system, the recording 1s made on the
concave side as seen from the light incidence side. Therelore,
i the groove depth is the same 1n these systems, the tracking
polarity 1s opposite. By setting the wobble start direction to be
opposite between the two systems, the tracking polarity can
be made the same.

A recording film can have the following two recording
characteristics because of the relationship between the retlec-
tance of the recorded part and the reflectance of the unre-
corded part. They are HtoLL characteristic at which the retlec-
tance of the unrecorded part 1s higher than the reflectance of
the recorded part (High-to-Low), and LtoH characteristic at
which the reflectance of the unrecorded part 1s lower than the
reflectance of the recorded part (Low-to-High). According to
the present invention, 1t 1s not specifically limited whether the
HtoL characteristic 1s used, the LtoH characteristic 1s used, or
either one of the two 1s permissible as the characteristic of the
recording film of the medium.

In the case where either one of the two 1s permissible,
recording {ilm characteristic identification information which
indicates whether the recording film has the HtoLL character-
istic or the LtoH characteristic may be recorded on the
medium, so that 1t can be easily 1dentified which characteris-
tic the recording film has. For a multi-layer medium, record-
ing {ilm characteristic identification information on each
layer may be recorded. In such a case, recording film charac-
teristic 1identification information on all the layers may be
recorded on a reference layer (the layer farthest from the light
incidence surtace (LL0), the layer closest to the light incidence
surface, the layer to which the optical head 1s determined to
access first after the optical disc apparatus 1s started, etc.).
Alternatively, recording film characteristic 1dentification
information on each layer may be recorded on the respective
layer, or recording film characteristic identification informa-
tion on all the layers may be recorded on each layer.

The areas 1n which the recording film characteristic 1den-
tification information can be recorded include a BCA (Burst
Cutting area), a disc information area (an area which 1s 1nner
or/and outer to the data recording area and mainly stores
control information; 1n the reproduction-only area, such an
area may have a track pitch larger than that of the data record-
ing area), a wobble (recorded 1in superimposition on the
wobble), and the like. The recording film characteristic 1den-
tification information may be recorded 1n any one of these
areas, a plurality of areas among these areas, or all of these
areas.

The present invention 1s usable for an increased recording,
density of an optical disc and so 1s useful, and can be utilized
for large capacity optical discs, and optical disc reproducing
apparatuses, optical disc recording apparatuses, optical disc
reproducing methods, optical disc recording methods, and
integrated circuits usable for such optical discs.

What 1s claimed 1s:
1. An optical disc, comprising tracks, each divided into a
plurality of recording blocks; wherein:
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cach of the plurality of blocks includes a run-in area and a
data area;:

in the run-in area, a prescribed run-in bit pattern 1s record-
able;

in the data area, bit patterns having a plurality of bit lengths
obtained by modulating data as a recording target in
accordance with a prescribed modulation rule are
recordable;

at least one of spatial frequencies corresponding to the bit
patterns having the plurality of bit lengths 1n accordance
with the prescribed modulation rule i1s higher than a
cutoif frequency;

the cutolil frequency 1s defined as a frequency at which a
gain of an optical transter function (OTF) 1s O times; and

the run-in bit pattern recordable in the run-in area includes
the bit patterns having the plurality of bit lengths, from

which the bit pattern corresponding to the frequency

higher than the OTF cutoil frequency has been excluded,
and

wherein the run-in bit pattern includes the bit patterns
having the plurality of bit lengths, from which the bit
pattern corresponding to the frequency higher than the
OTF cutofl frequency has been excluded, and which
have a bit length equal to or shorter than a bit length at
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which a reproduction signal of the run-in bit pattern,
obtained from reflected light when the optical disc 1s
irradiated with a prescribed light beam, has a maximum
signal amplitude.

2. A reproducing method for reproducing data recorded on

the optical disc of claim 1, the reproducing method compris-
ing the steps of:

detecting a reproduction signal from the track of the optical
disc;

extracting a channel clock that 1s synchronized to the repro-
duction signal in the run-in area and keeping on the
synchronization in the data area,

extracting a digital signal by sampling the reproduction
signal using the channel clock; and

demodulating data from the digital signal.

3. A recording method for recording data on the optical disc

of claim 1, the recording method comprising the steps of:

generating the run-in bit pattern;

generating a data bit pattern by modulating the data 1n
accordance with a prescribed modulation rule; and

in each of the plurality of blocks, recording the run-in bit
pattern 1n the run-in area and recording the data bit
pattern in the data area.
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